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Tocopherol Administration to Patients with Dupuytren’s Contracture; 
Effect on Plasma Tocopherol Levels and Degree of Contracture.* (19692) 


JouHN EsBen Kirk AND MARGARET CHIEFFI. 


(Introduced by R. E. Shank.) 


From the Division of Gerontology, Washington University School of Medicine, and the St. Louis 
City Infirmary Hospital, St. Louis, Mo. 


Investigations of the effect of tocopherol 
administration on Dupuytren’s contracture 
were initiated by Steinberg(1), who reported 
the results of treatment in 7 patients, who 
were given 300 mg of vit. E by mouth daily 
for periods ranging from one to 8 weeks. In 
6 out of the 7 patients the contracture disap- 
peared. More recent studies by Steinberg(2) 
on a larger group of patients have, on the 
whole, confirmed his original findings. Favor- 
able results with this treatment have also been 
reported by Scott and Scardino(3) and by 
Thomson(4). In the group of patients stud- 
ied by Thomson 10 hands were classified as 
early cases and 8 as late or chronic cases. Of 
the 10 early cases 8 had a definite extension 
defect, but in no instance were the fingers 
contracted closer than 90° to the palm. In 
these patients full extension of the fingers was 
restored following treatment with 200 mg of 
tocopherol daily for 12 to 20 weeks. The 8 
chronic cases exhibited marked thickening of 
the palmar aponeurosis with fixation of the 
affected fingers in the palms; in these patients 
the tocopherol administration resulted in a 
softening of the palmar masses. On _ the 
whole, however, the improvement in the latter 
group was not very marked but nevertheless 
in 4. patients sufficient to make the hands 


‘ * Vitamin studies in middle-aged and old individ- 
uals, IX. 


suitable for surgical treatment. 


In contrast to these rather favorable results 
are observations by Langston and Badre(5) 
and by King(6) who treated respectively 5 
and 13 cases of Dupuytren’s contracture with 
similar doses of tocopherol, but in no instance 
noted any benefit. 


Experimental. The present investigation 
included 19 patients with Dupuytren’s con- 
tracture, 14 men and 5 women, with a total 
of 26 contracted hands. The mean age of thé 
men at the onset of the study was 74 years, 
and of the women 77 years. The lesion was 
bilateral in 6 of the men and one of the women. 
The right hand was affected in 16 cases (12 
men, 4 women), the left hand in 10 cases 
(8 men, 2 women). In 5 of the 26 hands one 
or more of the fingers were contracted closer 
to the palm than 90°. In the remaining 21 
hands the lesion could be characterized as 
moderately severe or slight. In none of the 
male patients was the coexistence of Peyronie’s 
disease found. Treatment with 300 mg of 
dl-alpha-tocopherol acetate (Ephynal Ace- 
tate) daily was given to all the patients for a 
period of 300 days, and it was ascertained 
through supervision by a nurse that the pa- 
tients swallowed the administered capsules. 
After discontinuation of treatment the patients 
were followed for another 350 days. Plasma 
tocopherol was determined before the onset of 
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FIG. 1. Effect of alpha-tocopherol acetate administration (300 mg daily) and subsequent 
discontinuation on plasma tocopherol level and on degree of hand lesion in 19 old individuals 
with Dupuytren’s contracture. The shaded area represents one s.d. 


the treatment and at various intervals during 
and after tocopherol administration by the 
method of Quaife and Biehler(7). The pro- 
cedure used for registering the degree of con- 
tracture was to make plaster casts of the 
hands under standard conditions. During the 
application of the plaster the patient’s upper 
arm rested on a table with the elbow joint held 
in 90° flexion and the wrist in maximal dorsal 
flexion. A plaster bandage consisting of 3 
layers of quick setting plaster gauze was 
then applied from a point proximal to the 
wrist to the finger tips. During this applica- 
tion, until the plaster had stiffened, a firm 
and constant pressure was exerted against the 
volar aspect of the distal part of the fingers, 
at the same time as the plaster gauze by a 
nurse was carefully molded against the sur- 
face of the palm and the individual fingers. 
These permanent casts obtained during max- 
imal passive dorsal flexion of the wrist and 
fingers formed the basis for the evaluation of 
changes in the degree of contracture resulting 
from the tocopherol administration. For 
quantitative registration of the changes in the 
appearance of the hands 2 measurements were 
chosen, which give a fairly good impression 
of 2 of the main characteristics of the con- 
tracture, namely the degree of concavity of 
the palm and the angle formed between the 


fifth finger and the direction of the palm. 
Fine sand was applied to the palmar aspect 
of the plaster casts and the surface of the 
sand adjusted as accurately as possible to the 
plane formed by the thenar and hypothenar 
prominences. By subsequent weighing of the 
sand an estimate of the volume was obtained. 
This volume in normal individuals varies be- 
tween 10 and 18 ml depending on the size of 
the hand. Tracings were made on paper di- 
rectly from the casts and the angle formed 
between the volar surface of the 2 proximal 
phalanges of the finger and the general direc- 
tion of the distal part of the volar aspect of 
the palm itself measured by a protractor. 
This measurement was possible in only 23 of 
the 26 hands. The angle in normal individuals’ 
usually varies between 190° and 205°. 
Results. The effect of alpha-tocopherol 
administration on the plasma tocopherol con- 
centration and on the hand measurements de- 
scribed above is illustrated in Fig. 1. The 
figure shows that the mean plasma tocopherol 
concentration before the onset of treatment 
was 0.55 mg %, a value which is significantly 
lower than the mean value of 1.02 mg % pre- 
viously reported by the present authors(8) 
for this age group. Following the alpha- 
tocopherol administration the plasma level 
rose gradually and slowly to reach, after 300 
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days, a mean value of 1.37 mg %, or a con- 
centration two and a half times as high as the 
original. After discontinuation of the alpha- 
tocopherol intake the plasma tocopherol con- 
centration again decreased. As seen from the 
figure the mean value after 75 days had fallen 
to 0.88 mg % and, when measured after 215 
days, had reached practically the same level 
as observed before the treatment was started, 
namely 0.53 mg %. 

In no instance of moderately severe con- 
tracture did the treatment result in disappear- 
ance of the extension defect of the fingers. 
However, as seen in Fig. 1 a definite, though 
moderate improvement was noted during the 
prolonged alpha-tocopherol administration. In 
23 of the 26 hands the palmar concavity be- 
came less marked. The determinations of the 
mean volume of the concavity in the 26 hands 
showed a decrease from 18.2 to 13.2 ml dur- 
ing the 300 days of alpha-tocopherol adminis- 
tration, a change which is statistically signifi- 
cant. In the first 215 days following discon- 
tinuation of the treatment a further slight im- 
provement took place (mean volume 12.6 
ml). On examination of the hands 250 days 
after discontinuation of therapy the anieliora- 
tion had again regressed somewhat (mean 
volume 15.3 ml). 

The angulation between the fifth finger 
and the direction of the distal part of the 
palm showed definite improvement in 15 of 
the 23 hands. In 7 of the remaining 8 hands 
the changes were only slight although with a 
tendency to an increase of the angle, whereas 
in one hand the angle remained constant. In 
none of the hands did the contracture of the 
fifth finger, when comparison was made be- 
tween the first casts and the casts obtained at 
the end of the tocopherol treatment, became 
worse. A change in the mean value of the 
angle was not noticeable until after about 200 
days of alpha-tocopherol administration, at 
which time the value had increased from 
133.0° to 138.4°. This change is statistically 
significant. After 300 days of treatment the 
value hatv increased further to 147.7°, and 
this improvement continued during the first 
215 days after discontinuation of the alpha- 
tocopherol therapy, at which time the value 
of 154.0° was reached, corresponding to a 
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total mean increase in the angle of 21°. In 
the subsequent 135 days the mean value for 
the contracture angle of the fifth finger again 
decreased to 146.3°. 

No untoward symptoms were noted during 
the prolonged alpha-tocopherol administra- 
tion. A few of the patients volunteered the 
information that they could move their fingers 
and hands a little better; on the whole, how- 
ever, the moderate objective improvement 
was not registered by the senile patients, who 
also before the onset of the treatment seemed 
unconcerned about the condition of their 
hands. 

Discussion. In view of the fact that the 
lesion in the present group of patients on the 
whole was less severe than in the cases studied 
by Thomson, the smaller and slower response 
to alpha-tocopherol administration observed 
in our group becomes notable. In spite of this 
difference in the degree of improvement ob- 
served, the results of the present investiga- 
tion would, nevertheless, support the conten- 
tion of Steinberg and of Thomson that the 
administration of alpha-tocopherol in large 
daily doses has an effect on the lesion in 
Dupuytren’s contracture. 

It is possible that the smaller effect ob- 
served in the present group of patients may 
be due to the advanced age of the patients. 
Since the contracture in our cases probably 
had existed for a far longer period than in 
the patients treated by Thomson it seems 
further likely that the less marked effect 
noted by us on the degree of contracture of 
the fifth finger may have been conditioned by 
the existence of degenerative arthritic changes 
in the finger joints. Such changes are known 
to occur in contractures of long standing, and, 
if present, would tend to obscure an eventual 
therapeutic effect on the connective tissue of 
the palmar aponeurosis. 

Summary. 1, Treatment with 300 mg of 
alpha-tocopherol acetate daily was given to 
19 old patients with Dupuytren’s contracture 
(26 contracted hands) for a period of 300 
days. Following discontinuation of the treat- 
ment the patients were followed for another 
350 days. Before therapy and at various in- 
tervals during and after alpha-tocopherol ad- 
ministration determinations were made of the 
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plasma tocopherol concentration and perma- 
nent plaster casts prepared of the affected 
hands in maximal passive dorsal flexion. 
2. The alpha-tocopherol administration re- 
sulted in a slow but steady rise of the mean 
plasma tocopherol level from 0.55 to 1.37 mg 
%; after discontinuation of the treatment the 
concentration again fell to the original level. 
A moderate, but statistically certain effect of 
the therapy was observed on the condition 
of the hands. Thus, during the treatment the 
volume of the palmar concavity decreased 
from 18.2 to 13.2 ml, and the angle between 
the fifth finger and the palmar surface in- 
creased by 14.7°. The improvement con- 
tinued for some time after discontinuation of 
the therapy, but some regression had taken 
place on examination 350 days after the end 


PotTasstumM EFFECTS AFTER BARBITURATE 


of the alpha-tocopherol treatment. 


Funds and material for this study were provided 
through the generosity of Hoffmann-La Roche, Inc. 
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Effects of Potassium on the Guinea Pig after Barbiturate Administration. 


(19693) 


Louts Lasacna.* (Introduced by E,. K. Marshall, Jr.) 


From the Department of Pharmacology and Experimegtal Therapeutics, The Johns Hopkins 
University School of Medicine, Baltimore. 


Lamson and coworkers(1) have demon- 
strated that glucose and other organic sub- 
stances can modify the anesthesia produced 
by barbiturates in various animal species. 
The well-known relation of potassium to glu- 
cose in the movements of the latter in and out 
of cells, and the implication of this cation in 
carbohydrate metabolism and neuromuscular 
processes(2) suggested a trial of potassium 
under conditions similar to those described 
for glucose. Preliminary work indicated that 
potassium could reinduce deep levels of anes- 
thesia in guinea pigs recovering from hexo- 
barbital anesthesia. The results of the in- 
vestigation which followed are the subject of 
this report. 

Methods. Guinea pigs were used through- 
out the study. Hexobarbital sodiumt was 


* Sharp and Dohme Fellow in Pharmacology and 
Experimental Therapeutics. 

+ The author is greatly indebted to Dr. John C, 
Seed of Sterling-Winthrop Research Institute for a 
generous supply of this compound. 


used as the anesthetic agent, fresh solutions 
being made up for each experiment. Potas- 
sium chloride (KCl) and sodium chloride 
(NaCl) were administered as isotonic solu- 
tions (1% and 0.85% respectively). All 
doses lof anesthetic or inorganic salt were in- 
jected intraperitoneally. 

Results. The first experiments were at- 
tempts to reinduce deep anesthesia in guinea 


TABLE I. Effect of KCl on Guinea Pigs Recover- 
ing from Barbiturate Anesthesia. 


Hexobar- Duration of Additional 
Guinea pital, anesthesia, KCl, anesthesia, 
pig mg/kg min mg/kg min 
1 60 32 100 if 
2 60 35 100 6 
3 60 31 200 8 
4 60 33 200 e 
5 40 13 20 2 
6 40 9 25 3% 
7 40 14 50 5 
8 40 15 50 5 
9 40 26 400 13 
10 40 20 400 10 
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TABLE Il. Effect of NaCl on Guinea Pigs Re- 
covering from Barbiturate Anesthesia. 


Hexobar- Duration of Additional 
Guinea pital, anesthesia, NaCl, anesthesia, 
pig mg/kg min mg/kg min 
1 60 34 170 
2 60 33 170 
3 40 24 50 
4 40 24 200 0 
5 40 10 200 
6 40 19 400 
fh 40 11 400 


pigs recovering from the narcosis produced by 
40 to 60 mg of hexobarbital per kg. KCl was 
injected when the pig showed spontaneous ac- 
tivity or would squeal and make definite run- 
ning movements if picked up by the skin over 
the back. In 10 experiments in 10 pigs, the 
injection of KCl was followed by an apparent 
return to deeper anesthetic levels (limpness, 
failure to move when placed on side or back) 
in all cases. Table I shows the time required 
to recover to the point described above fol- 
lowing hexobarbital and then KCl. De- 
picted in Table II is the failure to affect the 
course of recovery with injections of NaCl in 
7 animals. 

The next step was to investigate the effects 
of potassium on the unanesthetized guinea pig. 
Forty-two experiments were performed in 13 
guinea pigs. KCl produced apparent excite- 
ment, with scurrying, twitching, and nodding 
movements,? followed by a disturbance of the 
righting reflex lasting about 30 to 120 sec- 
onds, and a suggestion of slight muscular 
weakness, for the same period of time, follow- 
ing the larger doses. Some animals required 
25, others as much as 200 mg per kg, to pro- 
duce these effects. In all instances, the pigs 
were capable of standing and moving about if 
placed on their feet. In addition, 6 of the 
animals were given 800 mg per kg, with similar 
results, except that after 20 to 45 minutes, 
having apparently recovered from the acute 
effects of the injected potassium, the animals 
showed respiratory difficulties, weakness, oc- 
casionally- convulsive movements, and death. 
Respirations were noted to cease before car- 


t+ These symptoms were also observed (prior to 
the onset of anesthesia) after KCl in the first group 
of experiments described. 
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diac standstill, as described by Amberg and 
Helmholz(3). Except for the situation im- 
mediately before death, there was never ob- 
served any relaxation of the type seen in the 
barbiturate-KCl treated animals described 
above. 

In the next group of experiments, attempts 
were made to obtain deep anesthesia by com- 
bining large doses of KCl with doses of hexo- 
barbital which either had no effect on the pigs 
or produced only a disturbance of the righting 
reflex. Eight experiments were performed in 
8 animals. Doses of 20 mg per kg of hexo- 
barbital were injected, followed in 4-5 minutes 
by doses of 100 to 400 mg of KCl. In 7 out 
of the 8 experiments, the period of “excite- 
ment” was immediately followed by a state 
indistinguishable from moderately deep stages 
of anesthesia (flaccidity, inability to rise when 
placed on their backs or sides, or to stand 
when put on their feet). A number of animals 
exhibited roving uncoordinated movements of 
their eyeballs, and inability to respond to pin- 
prick. The data, with duration of effects 
noted, are shown in Table III. In no case 
was there seen quite the degree of narcosis or 
duration of effect that could be obtained with 
large doses of hexobarbital. 

The last group of experiments comprised a 
study of the ability of hexobarbital to alter 
the response to potassium when the drugs were 
employed together in doses that were fractions 
of the amounts required to produce effects 
when either drug was administered alone. The 
method utilized was the following: First, a 
group of 13 pigs was injected intraperitoneally 
with successively increasing doses of hexobar- 
bital, starting with 10 mg per kg and doubling 
the dose until an effect was produced. In all 
cases, at least 24 hr elapsed between adminis- 
tration of individual doses. As a measure of 
effect, abolition of the righting reflex was 
chosen. All untreated pigs invariably righted 
themselves when placed on their backs, so that 
abolition of this reflex was a reliable indica- 
tion of definite effect. Also, this relatively 
clear-cut endpoint eliminated the subjective 
element in the evaluation of response. The. 
results were as follows: no pig showed any 
effect from 10 mg per kg, 3 pigs showed dis- 
turbance of righting reflex from 20 mg per kg, 
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TABLE III. Effects Produced by KCl in Guinea Pigs Given Non-Anesthetic Doses of 
Barbiturate. 


eau 
Duration of Loss of 


Effects noted-———_, 


Hexobar- Loss of 
Guinea bital, KCl, anesthesia, righting Flaccid- response Roving 
pig mg/kg mg/kg min reflex ity to pin prick pupils 
1 20 100 6 ae a 
2 20 200 19 as sie 4 4 
3 20 200 6 a au 
4 20 400 12 =e + + 
5 20 400 15 of a a =e 
6 20 400 13 a a 
7 20 400 15 ae Bu aie a0 
8 20 400 3 a Slight 
and 10 pigs required 40 mg per kg. In most diverse processes as nerve impulse formation, 


instances this latter dose produced rather deep 
anesthesia. 

This same procedure was then followed for 
KCl, starting with 25 mg per kg. One pig 
showed disturbance of the righting reflex with 
25 mg per kg (and not with 15), 5 with 50 
mg per kg, 4 with 100 mg per kg, and 3 re- 
quired 200 mg per kg to show an effect. 

The last step was to use the barbiturate and 
inorganic salt together. For this study, each 
pig was given a dose of hexobarbital which 
was 1/4 of the smallest dose required to pro- 
duce a disturbance of the righting reflex. 
After 4-5 minutes (the maximal time required 
for definite evidence of onset of anesthesia 
when effective doses of hexobarbital were 
used) the pig was injected with a fraction of 
the minimal dose of KCl needed to produce 
an effect when injected alone. With this tech- 
nic, abolition of the righting reflex was ob- 
tained with the following fractions of the 
“minimal effective dose” of KCl: 1/2 in 2 
pigs, 1/4 in 4 pigs, 1/5 in 2 pigs, 1/10 in 4 
pigs, and 1/40 in 1 pig. These results con- 
firm the other studies in demonstrating. an 
unmistakable modification of the response to 
KCI by the previous administration of hexo- 
barbital. This alteration of response can thus 
be shown both with anesthetic doses of bar- 
biturate and with doses of barbiturate which 
have no demonstrable effect. 

Discussion. Although this study was ini- 
tiated by theoretical considerations of the 
glucose effect of Lamson et al.(1), the results 
described in this paper are in no way offered 
as an explanation of this effect. The wide- 
spread participation of potassium in such 


acetylcholine formation, carbohydrate metab- 
olism, electrolyte transfer, etc.(2,4) makes 
extremely difficult the interpretation of such 
simple experiments as those described here. 
The report of Stewart(5) on the ability of 
barbiturate anesthesia to increase markedly 
the blood concentrations of potassium 
achieved in the rabbit after intraperitoneal 
injection of KCl is of considerable interest in 
regard to the work being reported. ‘The re- 
sults obtained in the studies on the righting 
reflex could be explained by a similar effect 
in the guinea pig. However, the relegation of 
hexobarbital to the role of a mere elevator of 
the blood potassium concentrations achieved 
after injection of potassium salts leaves some 
observations unexplained, such as the ability 
of potassium to reinduce, in a pig recovering 
from anesthesia, or to induce, in a pig given 
ineffective doses of anesthesia, a state indis- 
tinguishable from that obtained with anes- 
thetic doses of barbiturate. The essential ab- 
sence of signs of anesthesia in pigs given sub- 
lethal or even lethal doses of potassium sug- 
gests qualitative differences which require the 
postulation of a more complex joint action of 
barbiturate and potassium. 

Summary. A study of the effect of hexo- 
barbital on the response of the guinea pig to 
injected potassium has revealed the following: 
1) Potassium, even in maximally tolerated 
doses, is incapable of producing anesthesia — 
when injected alone. 2) Potassium is capable 
of inducing a state indistinguishable from 
deep narcosis in pigs recovering from hexo- 
barbital anesthesia. 3) Potassium can pro- 
duce moderately deep narcosis in guinea pigs 
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given subanesthetic doses of hexobarbital. 
4) Following the injection of small doses of 


hexobarbital, potassium can abolish the right- 


ing reflex in a fraction of the dose required 
when injected alone. 
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Effect of Cortisone on Lipids of Serum, Liver and Testes in Intact and 


Adrenalectomized Rats.*t 


(19694) 


CraupE J. Micron.+ (Introduced by Lytt I. Gardner) 


From the Department of Pediatrics, Johns Hopkins University School of Medicine, and the 
Harriet Lane Home, Johns Hopkins Hospital, Baltimore, Md. 


Cortisone therapy in man increased the 
serum concentration of cholesterol and phos- 
pholipid, and decreased serum neutral fat 
(1,2). The increase of serum cholesterol, 


total and esterified, has been reported in rats 


treated with cortisone(3). In rabbits, adrenal 
extract and cortisone ‘administration also in- 
creased cholesterol, lipid phosphorus and total 
fatty acids of serum(4-6). ACTH was shown 
to cause fatty infiltration of the liver in the 
rabbit(6,7) and rat(8). Adrenalectomy pre- 
vented fat mobilization into the liver in mice 
given ACTH(9). Cortisone caused no fatty 
infiltration of the liver in intact or adrenalec- 
tomized mice(10). However, lipid granules 
were found in hepatic cells of intact rabbits 
treated with cortisone(6). Cortisone was not 
found to cause a severe involution of testis in 
rats(3,11). ACTH was found to cause a 
slight reduction in the weight of rat testes 
with atrophy of the Leydig cells(12). 


* Research of the endocrine division is supported in 
part by Grants-in-Aid from the American Cancer 
Society, and by a research grant from the National 
Institutes of Health. 

+ The author is indebted to Drs. Lawson Wilkins, 
Walter Fleischmann, Lytt Gardner, Gordon Kennedy 
and Samuel Silverman for helpful ~suggestions. 
Thanks are due to Mr. Henry Schulte, Mrs. Mary 
Ellen Crafton and Miss Betty Youngblood for 
technical assistance. 

¢ Fellow of the André and Bella Meyer Foundation 
(France) on recommendation of the Institute of In- 
ternational Education, New York. 


This study reports the effect of cortisone 
administration on total cholesterol and lipid 
phosphorus concentration of serum, liver and 
testes in adrenalectomized rats maintained 
with desoxycorticosterone pellets, as com- 
pared with the effects of the hormone in intact 
rats. 


Experimental. The animals used in this 
study were 56 adult male rats of the Sprague- 
Dawley strain, selected for uniformity and 
with a weight range of 270 to 320 g. They 
received Rockland Rat diet and tap water 
ad libitum, Vit. A (200 I.U.) and vit. D 
(100 I.U.) were given orally once a week. 

The experimental groups are shown in Table 
I. Adrenalectomy was performed through a 
flank approach. Each rat was maintained 
with a 15 mg pellet of desoxycorticosterone 
acetate (DCA).' For the first 2 days follow- 
ing operation, the animals received by mouth 
5% glucose in 0.3% saline, after which they 
were kept on the same diet as the other rats. 
Cortisone acetatell was given subcutaneously, 
4 mg every day (0.5 ml in 0.9% saline) for 
28 days. The rats were weighed twice weekly. 
The cortisone-treated rats lost about 50 g. At 
different times, daily food intake was weighed 
in each group. Blood was drawn under ether 


§ The author is indebted to Dr. F. E. Houghton, 
of Ciba Pharmaceutical Products, Summit, N. J., for 
Percorten pellets. 

§ The author is thankful to Dr. L. V. Curtin of 
Merck and Co., Rahway, N. J., for cortisone. 
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TABLE I. Liver Weight and Concentration in Total Cholesterol and Lipid Phosphorus. 


CoRTISONE ON LipIps or SERUM, LIVER AND TESTES 


(Mean val- 


ue + stand. dev. of group.) 


~———Liver wt, g———_ Total cholesterol, mg— 


——+Lipid Pj gt 


Per 100 g Per g of Per g of 
Exp. groups Total B.W. Total liver Total liver 
Normal (10) * 10.99 + .30 345+.78 3429414 3144.28 7.824 55 .714+.037 
I Normal + cor- 9.758 .67_ 4.30 + 29. 30:4) 22.2.7) 3.10 35.29 7.43.72 Geen 
tisone (12) ~~ 
Normal (6) 10.55 +1.04 2.96 + .37 32.98+5.3--3.12+.17 7.66+1.20 .725 + .06 
Normal + cor- 10.60 + .97 4154+ .95 33.10+1.06 312+ .46 8.064 .88 .759 + .08 
tisone (6) 
18 Adrenal X + 11.58 +1.00 3.16+ .22 383.75 42.32 2.924 .26 1150+ 40 .9962.06 
DCA (10) 
Adrenal X + -9.95 4.73, 3.55: '335° 27.82 42.16 “3.03 34 6.19 = (81 S670 207 
DCA + cor- 


tisone (12) 


* No. of animals. 


anesthesia from the abdominal aorta into cen- 
trifuge tubes as soon as possible after the 
animal was anesthetized, since a rise in blood 
cholesterol may occur after 5 to 7 minutes of 
anesthesia(13). The blood was immediately 
centrifuged and the serum separated. The 
testes were quickly removed, and weighed to 
the nearest 5 mg; the tunica albuginea was 
stripped from each testis before weighing in 
an effort to eliminate contributions of tissue 
other than the tubule-interstitial cell complex. 
Each testis was then put in a metal cup and 
desiccated immediately. The livers were care- 
fully dissected and weighed to the nearest 
5 mg, divided into several weighed pieces of 
approximately 1 g each, and desiccated imme- 
diately in metal cups. 

Total cholesterol and lipid phosphorus de- 
termination in serum. ‘Total cholesterol was 
determined by the method of Bloor, Pulkan 
and Allen(14), using a Klett-Summerson pho- 
toelectric colorimeter. Lipid phosphorus was 
determined by the method of Youngburg and 
Youngburg(15) as modified by Hawk, Oser, 
and Summerson(16), using an Evelyn photo- 
electric colorimeter. 

Total cholesterol and lipid phosphorus de- 
termination in testes and liver. The dry tis- 
sue was ground with C.P. sea sand in a mortar 
and then transferred to a 50 ml centrifuge 
tube. The mortar, pestle and cup which con- 
tained the tissue specimen were washed down 
with 25 ml of ethanol-ether mixture and the 
washings were collected in the centrifuge tube. 
The tube was attached to a vertical Graham 


coiled condenser for refluxing, and the con- 
tents boiled for 40 minutes. Tube was then 
raised out of the water bath and the condenser 
washed with 5 ml of ethanol-ether mixture. 
When the tube was cooled, it was centrifuged 
for a few minutes and the supernatants fil- 
tered using fat-free filters. The tissue was 
extracted a second and third time in the same 
way, the extracts combined with the initial 
filtrate and made to 100 ml in a volumetric 
flask with ethanol-ether mixture. Duplicate 
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FIG. 1. Total cholesterol and lipid phosphorus in 
serum of the rats in different experimental groups. 
Dotted lines represent mean value in each group. 
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TABLE II. Testes Weight and Concentration in Total Cholesterol and Lipid Phosphorus. (Mean val- 
ue + stand. dey. of group.) 


7 Lestes wt, g-——, 


Total cholesterol, mg—, | ——Lipid P, mg——_, 


Per 100 g Per g of i Per g of 
Exp. groups Total B.W. Total testis Total testis 
Normal 3.196+.118 937+.164 5.861+.316 1.832+.090 1.1584.16 . .363.063 
I Normal + cor- 2.802+.254 1.2314.126 4.754+.505 1.702.183 S8Ta 18 “8ITE.050 
tisone 
Normal 3.3438+.157 .938+.089 6.180+.480 1.848+.112 1.069+.15 ~.319+.047 
Normal + corti- 2.9462.241 1.146+.097  5.231+.630 1.775.130 9854.11 338.052 
sone 
Il Adrenal X -+ 8.279.222 .894+.075 5.696+.363 1.650+.16 1.087.172 .332+.043 
DCA 
Adrenal X + 2.974+.257 1.130+4.175 5.120+.396 1.725.144 8054.133 .270+.041 
DCA + ecorti- 


sone 


TABLE III. Level of Significance of the Salient Differences in 


Test(20). 
Differences tested t Dans Pat 
: N 1 i ; i Exp. I 8.32 20 001 
Serum cholesterol : Se ageust mor ee A Renner’ xP IL 6.17 15 Shee 
4 A 8 eee 6.11 20 <.001 
Serum lipid P. ie ah ue ite Eve Uh 10 <.02 
| Normal against adrenal x + DCA pee ae 1.38 16 Sail 
l <2 
& Ad if A' ie m ees Tah 5.60 14 <.001 
Liver lipid P. | Normal against adrenal X -+ DCA + cortisone eee hl: 3.05 16 <<. 0 


*D.F. = degrees of freedom. 


aliquots of this stock solution were used for 
total cholesterol and lipid phosphorus deter- 
minations as described for serum. 

Results. 1) The results of total cholesterol 
and lipid phosphorus analyses of the sera are 
shown in Fig. 1. Cortisone therapy was asso- 
ciated with an increased total cholesterol in 
intact rats, but did not increase that of ad- 
renalectomized rats maintained with DCA. 
Cortisone administration increased serum lipid 
phosphorus of intact rats but had no effect on 
the adrenalectomized rats maintained with 
DCA. A slight decrease of serum lipid ~phos- 
phorus was noted in adrenalectomized rats 
maintained with DCA, compared with the 
values for intact rats. This change was not 
significant (Table III). 

2) Effect of cortisone therapy on the liver. 
The results are shown in Table I. Cortisone 
‘ administration did not modify liver weight or 
total cholesterol concentration in either intact 
or adrenalectomized rats. Cortisone therapy 
did not change lipid phosphorus concentration 


+ P=probability of the difference being due to chance. 


in the liver of intact rats. The adrenalecto- 
mized rats maintained with DCA had a 
significant increase in liver lipid phosphorus, 
compared with intact rats. Cortisone treat- 
ment slightly decreased liver lipid phosphorus 
in adrenalectomized rats, compared with in- 
tact rats. This decrease was not significant 
(Table IIT). 

3) Effect of cortisone therapy on testes. 
Cortisone therapy decreased the weight of the 
testes, but the weight per 100 g of body weight 
was normal or slightly increased over control 
values (Table II). Total cholesterol and 
lipid phosphorus content of the testes de- 
creased on cortisone therapy in both intact and 
adrenalectomized rats, but the changes were 
not significant. 

Discussion. The administration of cortisone 
did not increase total cholesterol and lipid 
phosphorus of serum in adrenalectomized rats 
maintained with DCA, although these were 
increased in intact animals. Other workers 
had noted that administration of ascorbic acid 
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(10-100 mg intramuscularly) increased serum 
cholesterol of the intact rat but had no effect 
on the adrenalectomized rat(17). Our find- 
ings cannot be explained by a difference in 
food intake, as the intact rats and adrenalec- 
tomized rats with DCA, both showed a de- 
crease in food intake during cortisone therapy 
(18). Since serum sodium and potassium 
levels were within normal limits in every 
group, the results cannot be explained by a 
change in the dilution of plasma. ; 

The treatment of adrenalectomized dogs 
with DCA lowered their blood phospholipids 
(19). In our experience, the serum lipid 
phosphorus of adrenalectomized rats main- 
tained with DCA was slightly but not sig- 
nificantly lower than normal. 

Although the cholesterol concentration of 
the liver was not changed in any group, the 
liver lipid phosphorus concentration was in- 
creased in the adrenalectomized rats main- 
tained with DCA. This finding is difficult to 
interpret. 

Summary. 1. Cortisone therapy increased 
serum cholesterol and lipid phosphorus of in- 
tact rats but did not have this effect in ad- 
renalectomized rats maintained with DCA. 
2. Adrenalectomized rats maintained with 
DCA showed a significant increase in liver 
lipid phosphorus. This was restored to nor- 
mal by a dosage of cortisone which was with- 
out effect on the liver lipid phosphorus of the 
intact rat. 3. Cortisone therapy decreased 
testicular weight of intact and adrenalecto- 
mized rats, but caused no change in the con- 
centrations of cholesterol and lipid phosphorus 
of the testes. 
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Morris PoLLtarpD AND Ropert H. BUSSELL. 
From the University of Texas Medical Branch, Galveston, Texas. 


When Levaditi and Nicolau(1) described 
the propagation of herpes virus in mouse 
epitheliomas they were seeking a substrate on 


* This study was supported by funds provided 
under Contract AF 41-607-42 with the USAF School 
of Aviation Medicine, Randolph Field, Texas. 


which to propagate the virus. These authors 
and others(2-4) later demonstrated that when 
avian pest virus localized and propagated in 
mouse tumor tissue, it exerted therein a cyto- 
lytic effect. This initiated similar studies 
with other viral agents such as neurotropic 
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vaccinia(5), rabies(6), vaccinia(7), and lym- 
phogranuloma venereum(8), but these re- 
sulted at most in some vitiating effect on trans- 
plants of the parasitized tumors. On the 
other hand, Virus III seemed to enhance the 
malignancy of a transplantable tumor of rab- 
bits(9). Recent zz vivo studies have indicated 
that Russian Spring-Summer encephalitis 
(RSSE)(10,11), St. Louis encephalitis (SLE) 
(12), and Bunyamwera virus(13) would para- 
sitize and destroy transplantable mouse sar- 
comas. An avian lymphoid tumor propagated 
in vivo was destroyed by RSSE, SLE, Jap- 
anese B and West Nile viruses(14). Egypt 
101 virus destroyed human epidermoid car- 
cinoma growing in x-irradiated rats and in 
tissue culture(15). It is obvious that one of 
the major hazards to the application of virus 
therapy for human cancer may be the patho- 
genic effect of some viruses on the patient. 
Many of the agents thus far found to be 
lethal to the tumors are unfortunately no less 
lethal to the host. 


The oncolytic effect of viruses on experi- 
mental tumors of rodents can be demonstrated 
in vitro. The roller tube culture technic de- 
scribed by Cameton(16) involves the propa- 
gation of plasma-embedded tumor implants 
with ox serum ultrafiltratet as the principal 
nutrient in the supernate. Two transplantable 
sarcomas have been studied: 1, a methyl- 
cholanthrene-induced anaplastic sarcoma of 
the rat;+ and 2, a chemically-induced fibro- 
sarcoma in the C3;H mouse. Both killed their 
hosts at approximately 2 months after inocula- 
tion. Four surgically excised tumors of hu- 
man origin were also studied for their response 
to viral infection. 


Methods. The tumors were minced with 
scissors and 4 to 5 pieces (about 1.0 mm in 
diameter) were implanted in coagulating 
chicken plasma, to which ox serum ultrafil- 
trate (30%), Hanks solution with phenol red 
indicator (60%) and chick embryo extract 
(10%) were added in 1.0 cc quantity. One 
hundred «nits each of penicillin and of strep- 
tomycin were added to each tube. The nu- 


+ Microbiological Associates, Bethesda, Md. 
} Strain initiated by the M. D. Anderson Founda- 
tion for Cancer Research, Houston. 
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trient fluids were replaced twice per week and 
otherwise were adjusted to optimal pH with 
1.4% NaHCO; when needed. Thirty to 40 
tubes were assembled with each tumor and to 
groups of 5 a different virus was added, so 
diluted that the 0.05 ml inoculum contained 
either 1,000 LD;o or 1,000 hemagglutinating 
units of virus. The viruses were inoculated 
with the fresh implant or after the viable 
tumor had grown well (48-72 hours). All of 
the implants were examined under low power 
magnification during the next 7-14 days. 
Each experiment was repeated at least 3 
times. The viruses used and their men- 
struums were as follows: Newcastle disease 
(NDV) (California strain), mumps (Enders 
strain), and influenza A in chick embryo 
chorio-allantoic fluid (CAF); and _ rabies 
(CVS strain), herpes simplex (MF strain), 
neurotropic influenza A, and St. Louis en- 
cephalitis (SLE) (Hubbard strain) in mouse 
CNS tissues. Lansing poliomyelitis virus 
(LCR) was used in cotton rat CNS. All of 
the virus preparations were clarified at 5,000 
rpm for 20 minutes and were stored in sealed 
ampules in the COs chest. 

Results. The rat sarcoma implants rapidly 
metabolized the nutrient fluid causing the in- 
dicator to turn yellow within 24 hours. The 
untreated cells grew into the periphery as a 
solid mass of round cells. Herpes, influenza 
A (CAF) and LCR viruses exerted little effect 
on its growth properties. Rabies virus seemed 
to enhance the growth of this tumor tissue 
whereas SLE virus destroyed the implant and 
its outgrowth within 3 days (Fig. 1). The 
nutrient fluid for the SLE-treated tissues re- 
mained basic. When tumors were infected 
with SLE virus at implantation they grew 
poorly from the start and cytolysis was com- 
plete by the second and third days. When 
SLE virus was added 2 days after implantation 
it killed the tumor tissue within 48 hours. 
Neurotropic influenza A virus caused much 
deterioration of the implant and its outgrowth 
but only after a delay of 5-6 days. The cyto- 
lytic effect of the latter virus was not complete. 

The fibro-sarcoma implants from C;H mice 
demonstrated fibroblastic outgrowths within 
24-36 hours. By 48 hours each implant was 
surrounded by a grossly visible “halo” of 
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cellular growth. Plasma liquification appeared 
in some areas of outgrowth causing the 


elongated cells to round up. Such tumor out-- 


growth often equalled the size of the implant 
within 72 hours. When NDV, rabies, influ- 
enza A (CAF), and LCR viruses were added 
to 48-hour-old implants there was no apparent 
change in the growth pattern. The rabies- 
infected tissues appeared to grow slightly more 
extensively. SLE virus caused fragmentation 
of the “halo” within 24 hours and death of 
all tissues by 48 hours (Fig. 2). _Twenty-four 
hours after adding neurotropic influenza virus, 
the cellular outgrowths appeared granular and 
some degeneration of cells was evident at 48 
hours. Most of the tissues infected by the 
latter virus were degenerated at 72 hours; 
however, this latter effect was not complete: 
the cells were shrunken, opaque and degen- 
erating, but occasional healthy cells were ob- 
served throughout the following week. 

Of the human tumors studied, a melanoma 
of low malignancy, which was excised from 
the leg of a 39-year-old white female, did not 
grow in tissue cultures. A scirrhous fibro- 
sarcoma from the jaw of a 54-year-old white 
male also grew poorly in tissue cultures. 

An undifferentiated parotid tumor$ from a 
44-year-old white male grew well and implants 
were inoculated with virus on the fourth day. 
Those tissues to which NDV and rabies viruses 
were added continued to grow very well. SLE 
virus caused a visible shrinkage of the growth 
“halo” within 24 hours, which became granu- 
lar and degenerated within 48 hours. By the 
sixth day the entire implant was disintegrated 
(Fig. 3). Neurotropic influenza A_ virus 
caused a similar sequence which appeared to 
be completely destructive by the eighth day. 

A human anaplastic adenocarcinoma! 
within the abdominal cavity was collected with 
ascitic fluid. Implants thereof grew exten- 
sively over the wall of the tube and acidified 
the nutrient fluid within 24 hours. When 
virus was added after 24 hours of growth, 
NDV did not interfere with growth, rabies 


caused it to grow more extensively and SLE 


§ Supplied by Dr. Truman Blocker, U. Texas Med. 
Branch, Galveston, Texas. 

{| Supplied by Dr. Paul Howe, M. D. Anderson 
Hospital, Houston, Texas. 
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caused the cells to become pyknotic, crenated 
and many cells were disintegrated. On the 
fifth day following the addition of virus, the 
implants with rabies virus were growing pro- 
fusely, while those with SLE were acellular. 

Discussion. The tissue culture technic is a 
useful method for determining the virus sus- 
ceptibility of a growing tumor. It is obvious 
that not all viruses exert the same cytopatho- 
genic effect. There are some (NDV, LCR, 
influenza) without apparent influence, whereas 
another (rabies) may actually speed up the 
rate of growth of tumor tissue. This lack of 
effect has already been studied in vivo with 
influenza and herpes(17). The destruction 
of tissue was also reflected by the color of the 
indicator in the nutrient fluid. Actively grow- 
ing tissues quickly acidified the medium, 
whereas such fluids remained basic when the 
tissues were killed. This color change has 
been found useful in studying the effect of 
poliomyelitis virus in tissue cultures(18). 

Neurotropic influenza virus eventually de- 
stroyed the mouse fibro-sarcoma and _ inter- 
fered with growth of the rat sarcoma; how- 
ever, we can postulate that the intact animal 
would have been immunized to this virus be- 
fore the oncolytic process was complete. The 
oncolytic effect of neurotropic influenza virus 
contrasted sharply with the innocuous effect 
of chick embryo adapted virus of the same 
type. Perhaps a street strain of rabies virus 
might reverse the cell stimulating effect of the 
fixed rabies virus described herein. SLE virus 
appeared to kill the tumor implants within 48 
hours after inoculation and would appear to 
be the agent of choice for all of the tumors 
(rodent and human) studied. Its pathogenic 
properties in the human, however, might cause 
one to feel that we would only be substituting 
one serious affliction with another if this virus 
was to be inoculated into a cancer patient. 

If the antibody producing mechanism could 
be suppressed, perhaps a less lethal agent such 
as neurotropic influenza A virus might eventu- 
ally destroy the tumor. Influenza is a rather 
common disease and it might be expected that 
the patient is already refractory to infection 
with such an agent, thereby obviating its 
effectiveness from the start. By incorporating 
the patient’s serum into the nutrient fluid, the 
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immune status of the host may be determined 
simultaneously with the oncolytic effect of the 
virus. 

The authors subscribe to the contention of 
Toolan and Moore(15) that a preliminary 
determination of viral sensitivity for each 
tumor should precede any consideration of 
therapy through viral infection. The tissue 
culture technic described provides a relatively 
rapid method of study by which a wide range 
of viruses can be studied for their effect on 
each human tumor. By this method, too, new 
viruses can be surveyed for possible cytopatho- 
genic effect, with the hope that an agent with 
selective effect on the tumor can be either 
found or developed. 

Summary. Tumor implants, growing in 
roller tube cultures, demonstrated a marked 
oncolytic response to St. Louis encephalitis 
infection. Two human and 2 rodent tumors 
were destroyed completely by SLE virus, less 
completely by neurotropic influenza virus. In- 
fections with Lansing poliomyelitis, New- 
castle disease, herpes and chick embryo 
adapted influenza A viruses did not interfere 
with growth of tissue implants. Rabies virus 
appeared to stimulate the growth of such 
tumor implants. The tissue culture technic 
can be used as a survey tool in rapidly deter- 
mining the cytopathogenic effect of viral 
agents on tumors. 
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Rosert W. Toon AND OwEN H. WANGENSTEEN. 
From the Department of Surgery, University of Minnesota Medical School, Minneapolis. 


Previous work from this laboratory has 
shown that the cecal appendage of man, the 
chimpanzee and the rabbit possess a secretory 
capacity(1,2). When the orifice of the ap- 
pendix is obstructed the ‘‘closed-loop syn- 
drome” accompanied by perforation occurs. 
In animals in which a secretory capacity can- 
mot be demonstrated, obstruction of the cecal 
appendage does not lead to perforation(3,4). 


* This research received support from the follow- 
ing funds: Augustus L. Searle Fund; Austen B. 
Cargill Fund; G. Nelson Dayton Fund; Graduate 
School of the University of Minnesota. 


Recently it has been shown that antibiotics 
reduce the mortality from appendicitis and 
its complications in man(5,6). 

It seemed desirable to test the effects of 
antibiotics on the obstructed appendix in the 
rabbit to ascertain: 1) whether antibiotics 
reduce the mortality in this animal, and if so 
2) whether they exert their effects through 
reduction in secretion or by other mechanisms. 


Experimental procedure. Adult white rab- 
bits of both sexes, weighing 1.8 to 4.3 kg were 
anesthetized with nembutal-ether and under 
surgical asepsis the appendicocecal juncture 
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FIG. 1. Parenteral penicillin for 30 days. Large distended appendix resembling a mucocele. 
No perforation could be found. 


was occluded by a silk ligature passed between 
the gut wall and the blood vessels. The vas- 
cular supply to the appendix was undisturbed. 
The appendical lumen was not emptied. 
Trauma to the appendix was avoided. A full 
diet of water and commercial rabbit pellets 
was offered to all animals immediately after 
surgery. Control animals received no treat- 
ment. Parenteral antibiotics were adminis- 
tered as penicillin in oil 60,000 units twice a 
day or aqueous streptomycin 0.25 g twice a 
day in the back muscles béginning 8-12 hours 
after surgery. Local antibiotics were given as 
a single dose of aqueous penicillin 50,000 units 
or aqueous streptomycin 0.5 g each in 2.5 cc 
of solution deposited in the appendical lumen 
with a small needle introduced through the 
cecum. To determine the duration of therapy 
necessary to insure complete recovery, paren- 
teral antibiotics were discontinued after vary- 
ing time intervals. If the rabbit survived an 
arbitrary time of 60 days after cessation of 
parenteral antibiotics or after instillation of 
local antibiotics it was considered cured and 
sacrificed for pathological study. In a sep- 
arate group of 18 animals the actual volume 
of fluid secreted by the obstructed rabbit’s ap- 
pendix during parenteral antibiotic therapy 
was collected intra-abdominally in a thin 
rubber condom connected to the appendical 


lumen by a small glass cannula. 

Results. Perforation of the appendix. with 
peritonitis or abscess formation was proved at 
autopsy in all control animals and in 95% of 
those treated with antibiotics. No perfora- 
tions occurred at the site of ligature, the 
majority being in the proximal third. The 
appendix was usually enlarged 2 to 5 times 
normal size and resembled a mucocele (Fig. 
1). Scattered deposits of firm white material 
frequently occurred throughout the abdom- 
inal cavity. They appeared as well encap- 
sulated masses or as grape-like clusters resem- 
bling a pseudomyxoma peritonei. However, 
microscopic examination showed the appendi- 
cal contents to be more cellular than mucoid 
and the scattered masses proved to be ab- 
scesses containing 5-50 cc of thick white 
caseous material. In 3 animals despite 
marked distention of the appendix, no perfora- 
tion nor evidence of peritonitis could be found. 
All ligatures were intact and each lumen com- 
pletely occluded. 

Control.’ All untreated control animals died 
within 7 days with appendical rupture and 
peritonitis. 

Penicillin. In contrast to the control ani- 
mals a comparable group treated with paren- 
teral penicillin all survived the 7-day period 
and were sacrificed for study. The appendix 
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TABLE I. Survival after Appendical Ligation. 


No. alive No. alive 60 
No. at end of days after 
started treatment treatment 
Daily parenteral penicillin 
10 days of treatment 6 6 1 
{4.02 2 ” 8 Ge 1 
BO eas 3 14 6* 6 
Daily parenteral streptomycin é. 
30 days of treatment tei 6* 4 
Local penicillin 6 4 
” streptomycin 6 6 


* Beyond 10 days of treatment some animals died even though receiving parenteral penicillin 


or streptomycin at the time. 


had ruptured in each. - Beyond 10 days of 
treatment some rabbits died while still receiv- 
ing treatment (Table I). Ten such animals 
died from the 11th to the 25th day of therapy. 
All animals that were maintained on penicillin 
for 30 days after ligation survived the subse- 
quent 60-day period and appeared to be in 
good health. With shorter periods of treat- 
ment the survival rate was greatly reduced. 
Of 6 animals treated with local penicillin 2 
died in 23 days and 4 lived for at least 60 
days. 

Streptomycin. Of 6 animals treated with 
parenteral streptomycin for 30 days, only 4 
survived the subsequent 60-day period. Five 
additional animals died between the 3rd and 
15th day of therapy. All animals treated with 
local streptomycin survived the 60-day period. 

Secretion. There was no consistent varia- 
tion to suggest that the amount secreted 
during parenteral penicillin therapy (75 to 
260 cc) or parenteral streptomycin therapy 
(90-250 cc) was significantly different from 
the amount secreted by the control group 
without therapy (85-270 cc). The volume 
secreted by individual animals varied consid- 
erably and showed no correlation with body 
weight (Table II). It is of special note that 
appendical perforation did not occur in these 
animals. 

Summary. The high mortality from per- 
foration and peritonitis which uniformly fol- 
lowed untreated obstruction of the rabbit’s 
appendix was definitely reduced by the paren- 
teral or local administration of penicillin or 
streptomycin. However, appendical perfora- 
tion was not prevented nor was there a con- 
sistent decrease in the secretion of that organ. 


TABLE II. Individual Body Weight and Volume 
Secreted after Appendical Ligation in 18 Rabbits. 


Parenteral 
Parenteral strepto- 
Control penicillin mycin 
Days after Wt, Vol, Wt, Vol, Wt, Vol, 
obstruction kg ce ke ce ke ice 
4 2.7 85 2.5 75 2.7 90 
4 2.7 270 2.7 260 2.5 245 
5 2.5 245 2.5 250 2.7 190 
6 4.1 160 4.3 180 4.1 155 
11 2.7 155 2.72 155 2.9 250 
12 2.7 205 2.72 190 2.7. 215 


Therefore the beneficial results of these anti- 
biotics must have been due to other mechan- 
isms, in all likelihood the result of their anti- 
bacterial activity. Although the mortality was 
effectively reduced, some animals died while 
receiving therapy, an indication that anti- 
biotics are no panacea in the treatment of 
appendicitis and its complications. The im- 
portance of secretory pressure as the principal 
factor in perforation of the obstructed ap- 
pendix is emphasized by the fact that such 
perforation was prevented by allowing the 
pressure to be dissipated into the reservoir of 
a distensible balloon. 


1. Wangensteen, O. H., and Dennis, C., Aun. Surg., 
1939, v110, 629. 

2. Dennis, C., Buirge, R. E., and Wangensteen, 
O. H., Surgery, 1940, v7, 372. 

3. Wangensteen, O. H., and Bowers, W. F., Arch. 
Surg., 1937, v34, 496. 

4. Buirge, R. E., Dennis, C., and Ritchie, W. P., 
Ann. Surg., 1937, v106, 910. 

5. Crile, G., Surg., Gynec. and Obst., 1946, v83, 150. 

6. Brown, M. J., Am. J. Surg., 1947, v73, 56. 
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Eosinopenia and Degenerating Eosinophilic Leukocytes in Blood.* (19697) 


JACQUES PADAWER AND ALBERT S. GORDON. 


From the Department of Biology, Washington Square College of Arts and Science, 
New York University, New York City. 


A mechanism has been described(1) for the 
eosinopenia that follows the administration of 
adrenal hormones or the application of stress. 
The possibility that eosinophiles undergo de- 
struction in the fluid compartments of the 
body is supported ‘by the finding that different 
forms of degenerating eosinophilic leukocytes 
can ‘be observed in the peripheral blood and 
peritoneal and pleural fluids of the rat under 
normal and experimental conditions(1,2). 
Similar observations have been made with 
human blood im vitro(3,4); likewise the de- 
structive influence of adrenal hormones upon 
eosinophiles has been noted within ligated 
blood vessels of the dog(4). The time course 
of the changes in numbers of eosinophiles in 
the peripheral blood of the rat treated with 
epinephrine is presented in more detail in this 
report. 


Materials and methods. Six normal female 
rats (175-200 g) of a modified Long-Evans 
strain were injected subcutaneously with 1 ml 
of a freshly prepared 1:5000 solution of 
epinephrine (Parke-Davis adrenalin chloride) 
in 1% saline. Tail blood was obtained un- 
der light ether anesthesia immediately before 
and at various times following the injection 
and diluted with the phloxine-methylene blue 
glycol stain described by Randolph(5). Since 
relatively few eosinophiles are detected nor- 
mally in blood and fewer yet during the 
eosinopenic state, it was found necessary to 
count ‘the cells in a larger volume of blood. 
Standard white cell pipettes were used; blood 
was drawn to the 1.0 mark and, after dilution, 
was delivered into both sides of 2 Levy count- 
ing chambers and the cells within the entire 
ruled areas were counted. The lowest num- 
ber of eosinophiles actually observed at the 
height of @usinopenia was 32, with as many 


* Work done under a Grant-in-Aid from the 
American Cancer Society upon recommendation of 
the Committee on Growth of the National Research 
Council. 


as 400 cells being present in the early stages 
of the experiment. As reported previously(1), 
the degenerating eosinophilic leukocytes are 
smaller than the normal eosinophiles and are 
visualized easily in the counting chamber 
(120 X magnification). Both normal and de- 
generate eosinophiles were enumerated in 
each blood sample. 

Results and conclusions. Degenerating 
eosinophilic elements, which we refer to as 
“small eosinophiles,” are observed normally in 
rat peripheral blood, but in very small num- 
bers (mean + standard error: 2.2 + 0.76). 
The small eosinophilic forms arise from nor- 
mal eosinophilic leukocytes through degenera- 
tive processes involving both the nucleus and 


+1000 


SMALL EOSINOPHILES 


% CHANGE FROM PREINJECTION COUNT 
8 
wares 


NORMAL EOSINOPHILES 


FIG. 1. Variation in the numbers of normal and 

of degenerating eosinophiles following epinephrine 

injection. The ordinate is plotted on a logarithmic 

scale. Note that the numbers of small eosinophiles 

remain elevated even during the phase of eosino- 
penia. 
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cytoplasm. The doughnut-shaped nucleus of 
the normal eosinophile breaks down into frag- 
ments that no longer stain with Giemsa and 
the cytoplasmic granules become densely 
packed to form masses that stain intensely 
with eosin or phloxine. Shrinkage of the cell 
may accompany these reactions. These 
changes are seen especially well in peritoneal 
fluid and have been described in more detail 
elsewhere(1). Following the injection of 
epinephrine, there is an immediate increase 
in the numbers of these degenerating elements 
and fragments in peripheral blood (after 45 
min: 11.2 + 0.70; P <0.01), and this rise 
is maintained throughout the duration of the 
peripheral eosinopenic state (at 474 hr: 22 = 
9.2; P <0.05). The data are given in Fig. 1, 
where the percentage changes of normal and 
degenerate eosinophiles in peripheral blood 
are graphed with respect to time after injec- 
tion. 

Careful study of the counting chamber 
samples suggests strongly that the small 
eosinophiles arise from the fragmentation of 
the degenerating eosinophilic leukocyte. 

This work lends further support to our 
contention that eosinophilic cell destruction is 
a generalized reaction occurring throughout 


TYROTHRICIN Upon FIBRINOLYSIS 


most of the body and that it constitutes an 
integral part of the mechanism leading to the 
eosinopenia caused by adrenal hormones and 
by stress. The present experiments correlate 
well with our studies on peritoneal and pleural 
fluids(1,2). Preliminary experiments with 
cortisone acetate have yielded results similar 
to those reported here with epinephrine. 

Summary. Small numbers of degenerating 
eosinophilic leukocyte fragments are encoun- 
tered normally in peripheral blood as well as 
in other body fluids of the rat. Following 
epinephrine or cortisone, there is a marked 
increase in the numbers of eosinophilic leuko- 
cyte fragments in peripheral blood, and this 
increase is maintained throughout the duration 
of the developing eosinopenia. 


1. Padawer, J., and Gordon, A. S., Endocrinology, 
in press. 

2. , Program of the 34th Meeting of the 
Endocrine Society, June 1952, p27. 

3. Muehrke, R. C., Lewis, J. L., and Kark, R. M., 
personal communication. 

4. Godlowski, Z. Z., J. Endocrinology, 1952, v8, 102. 

5. Randolph, T. G., J. Lab. and Clin. Med., 1949, 
v34, 1696. 
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Effect of Tyrothricin Upon Fibrinolysis Mediated by Streptokinase. (19698) 


AARON E. WASSERMAN. 


(Introduced by L. E. Arnow) 


From the Department of Bacteriology, Research Division, Sharp and Dohme, Inc., West Point, Pa. 


The proteolytic dissolution of a fibrin clot, 
mediated by streptokinase, has been shown by 
Neter(1) to be inhibited by  tyrothricin. 
These observations were made using whole 
human plasma and whole cultures of strepto- 
cocci or crude filtrates. The lytic action, 
however, has since been shown to be the re- 
sultant of 2 simultaneously occurring reac- 
tions: 1) Streptokinase + Plasminogen > 
plasmin; 2) Plasmin + Fibrin > lysis(2). 
In view of the present clinical use of the 
fibrinolytic activity of streptokinase it ap- 
peared to be of interest to determine, using a 
’ more defined system, which of these reactions 
is inhibited by tyrothricin. 


* 


Materials and methods. 1) Streptokinase. 
Partially purified streptokinase preparations. 
derived from culture filtrates of a fibrinolytic 
strain of Streptococcus hemolyticus* were 
used in these studies. 2) Plasminogen. 
Fraction III, obtained from human plasma by 
the Harvard method of fractionation(3), was 
prepared by Dr. W. Baumgarten, of these 
laboratories. 3) Armour’s Bovine Fibrinogen 
and Parke Davis Bovine Thrombin were used 
to form the standard fibrin clot. 4) Strepto- 
kinase assay was performed by the method of 


* Streptococcus hemolyticus H46A was obtained 
through the courtesy: of Dr. R. L. Christensen of the 
New York University Medical School. 
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TABLE I. Inhibition of Streptokinase Activity 
by Tyrothricin. 


Streptokinase Tyrothricin Streptokin- 
preparation addition,yg Time,min ase assay 
50 0 320 units 
55A 50 30 60 
50 60 27 
Alcohol 60 280 


TABLE II. Effect of Tyrothricin-Treated Strep- 
tokinase on Plasmin Formation. 


pe iaits plasmin-——— 


Control Tyrothricin-treated 
Exp. streptokinase* streptokinaset 
il 100 56 
2 136 54 
3 112 75 


*100 units streptokinase were incubated with 
400 units plasminogen. 

+ 100 units streptokinase incubated with 100 ug 
tyrothricin before addition of 400 units plasmino- 
gen. 


Christensen(4), and plasmin was determined 
by a modification of Christensen’s plasminogen 
assay(4). One unit of plasmin is that amount 
in 0.5 ml of sample that will cause the lysis of 
-a standard fibrin clot in 30 minutes at 35°C. 
5) Tyrothricin. Wallerstein’s tyrothricin was 
dissolved in alcohol. 


Results. Effect of tyrothricin on strepto- 
Rinase activity. When tyrothricin was incu- 
bated with streptokinase for 30 minutes at 
35°C, the amount of recoverable streptokinase 
dropped sharply (Table I). The test was 
repeated with several preparations of strepto- 
kinase, and the degree of inhibition observed 
varied from 60 to 90%. Although a com- 
plete study of the time of inactivation was not 
made, it was found that almost maximal in- 
activation occurred within the first 30 minutes 
-of incubation. 

Since the tyrothricin was placed into solu- 
tion in alcohol, the possible inhibitory effect of 
‘the added alcohol on this system was deter- 
‘mined by incubating the streptokinase with 
-alcohol alone. The data show that, although 
there wasya slight decrease in streptokinase 
cunitage with alcohol alone, the inhibition 
«caused in the same time period by the alcoholic 
tyrothricin solution was 90% greater. 

T yrothricin-treated streptokinase and plas- 
min formation. Streptokinase incubated with 
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plasminogen will induce maximal plasmin 
formation within a 5-minute period(5). How- 
ever, 100 units streptokinase pre-incubated 
with 100 yg tyrothricin for 30 minutes were 
able to activate only 40-70% of the plasmin 
activated by the normal control streptokinase 
(Table IT). 

Tyrothricin-treated plasminogen and plas- 
min formation. When plasminogen was in- 
cubated with tyrothricin for 30 minutes before 
activation with streptokinase there was no in- 
hibition of plasmin formation (Table III). 


Tyrothricin and plasmin activity. Plasmin 
was formed by the incubation of streptokinase 
with plasminogen for 5 minutes. The addition 
of tyrothricin to an aliquot of the preformed 
plasmin 30 minutes before the determination 
of the plasmin activity did not induce a sig- 
nificant loss in plasmin activity (Table IV). 

Discussion. The pre-incubation of strepto- 
kinase with tyrothricin before reaction with 
plasminogen induced a decrease in strepto- 
kinase activity. This was seen in both the 
streptokinase recovery assays and in the for- 
mation of plasmin with the treated strepto- 
kinase. However, when tyrothricin was mixed 
with plasminogen first, there was no effect on 
the streptokinase activation of plasmin. This 
suggests that the plasminogen and tyrothricin 
combine in such a manner as to prevent the 
streptokinase inhibition by the antibiotic. 
When preformed plasmin was placed in con- 
tact with tyrothricin normal lytic activity oc- 


TABLE III. Plasmin Formation from Tyro- 
thricin-Treated Plasminogen. 


-— Units plasmin—, 


Tyrothricin Exp. 1 Exp. 2 
None* 126 144 
100 ugt 128 156 


* 400 units plasminogen activated by 100 units 
streptokinase. 

+ 400 units plasminogen incubated for 30 min- 
utes with tyrothricin before activation with strep- 
tokinase. 


TABLE IV. Effect of Tyrothricin on Plasmin 


Activity. 
— Units plasmin—, 
Tyrothricin Exp. 1 Exp. 2 
None 64 104 
50 we 52 96 
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curred; streptokinase had already completed 
the activation of plasminogen and was no 
longer available for inhibition by tyrothricin. 
Since there is no inhibition of the proteolytic 
activity of the plasmin, tyrothricin must act 
on streptokinase, preventing the activation of 
the plasminogen. 


A study also has been made of the effect 
of several antibiotics and chemotherapeutic 
agents on the activation of plasminogen by 
streptokinase, and on the lysis of the fibrin 
clot by plasmin. The compounds examined 
included penicillin, dihydrostreptomycin, poly- 
myxin B, bacitracin, and sulfamerazine. All 
were tested at several concentrations of the 
active agent. No inhibition of either reaction 
was apparent with any of these compounds. 

Summary. 1. Tyrothricin, or one or more 
of its components, reacts with streptokinase to 
prevent the activation of plasminogen and for- 
mation of plasmin. 2. Treatment of plas- 


Toxicity oF DowAnot 50B 


minogen with tyrothricin does not inhibit the 
activation of plasminogen by streptokinase. 
Plasminogen probably reacts with tyrothricin, 
preventing the inhibition of the added strepto- 
kinase by the antibiotic. 3. Tyrothricin does 
not inhibit the fibrinolytic activity of plasmin. 
4. Penicillin, dihydrostreptomycin, polymyxin 
B, bacitracin, and sulfamerazine did not in- 
hibit the activation of plasminogen by strep- 
tokinase nor the fibrinolytic activity of the 
plasmin. 


1. Neter, E., Proc. Soc. Exp. BioL. AND MEb., 1942, 
v49, 163. 
2. Christensen, L. R., J. Gen. Physiol., 1945, v28, 


3. Oncley, J. L., et al., J. Am. Chem. Soc., 1949, 
vw71, 541. 
4. Christensen, L. R., J. Clin. Invest., 1949, y28, 


5. Wasserman, A. E., Manuscript in preparation. 
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Toxicity of Mono Methyl Ether of Dipropylene Glycol (Dowanol 50B) in 


Studies on Auricular Fibrillation. 


D. L. RucKNAGEL AND A. SURTSHIN. 


(19699) 


(Introduced by A. S. Gilson, Jr.) 


From the Department of Physiology, Washington University School of Medicine, St. Louis. 


A reliable method for the production of 
auricular fibrillation in intact animals would 
be useful in certain investigations. A recent 
report(1) on the consistent ability of the 
mono methyl ether of dipropylene glycol 
(Dowanol 50B) to provoke this arrhythmia 
in acute experiments on the anesthetized dog 
led us to inquire whether this compound could 
be used as a fibrillating agent in experiments 
repeated in a given dog on different days. 
The oral lethal dose was reported to be about 
7.5 ml/kg (intravenous lethal dose not given) 
and the fibrillating dose 0.6 ml/kg intra- 
venously or higher. Since recovery from sub- 
lethal dose administration was said to be com- 
plete, it seemed probable that Dowanol 50B 
could be used repeatedly as desired. We in- 
jected Dowanol 50B intravenously into 4 
normal dogs in an attempt to determine 
whether the minimal dose producing auricular 


fibrillation in a given animal remains constant 
on different days. Such constancy of minimal 
dose has been reported to exist for repeated 
trials in acute experiments on a single day(1). 
Methods. Five experiments were per- 
formed in 4 dogs. The animals each received 
30 mg/kg pentobarbital sodium intravenously, 
and a tracheal catheter was inserted. Injec- 
tions of Dowanol 50B were given rapidly into 
a foreleg vein while continuous recording of 
lead 2 was made with a direct writing electro- 
cardiograph. ‘Intervals of 10 to 20 minutes 
were allowed between injections. Because 
Dowanol 50B depresses respiration, dogs I 
and 2 were maintained on gentle positive blast 
respiration throughout, while dogs 3 and 4 
were so maintained only after each injection, 
and were allowed to return to spontaneous 
respiration before a next injection was given. 
Results. We found Dowanol 50B too lethal 


ra 
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for use in repeated experiments. Dog 1 (9.2 
kg) was given 2 injections of 0.6 ml/kg each, 
without the production of fibrillation. With 
artificial respiration continued, 2 mg of metha- 
choline chloride were given intravenously 17 
minutes after the second injection, resulting in 
the appearance of auricular fibrillation with 
prolonged A-V block and later of markedly 
abnormal ventricular complexes. Death fol- 
lowed in about 5 minutes. A dose of 2 mg of 
methacholine chloride is rarely fatal in other- 
wise untreated dogs under pentobarbital 
anesthesia. Dog 2 (11.2 kg) received 5 in- 
jections totalling 3.0 ml/kg, the largest being 
1.0 ml/kg without production of fibrillation. 
Two subsequent doses of 1.2 ml/kg each pro- 
duced fibrillation. Death resulted after the 
respirator was disconnected one minute after 
the last injection. In dog 3 (12.7 kg) given 
0.70, 0.75 and 0.70 ml/kg successively, 
fibrillation resulted after the second dose only. 
The animal died 15% hours later and at 
necropsy showed gastric dilatation, pulmonary 
congestion and marked intestinal hemorrhage. 
In dog 4 (5.8 kg) administration successively 
of 0.17, 0.35, 0.69 and 0.52 ml/kg resulted 
in the production of auricular fibrillation only 
with the last 2 doses. The animal remained 
anesthetized for about 36 hours and there- 
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after had marked ataxia and cough for a week. 
In a second experiment 16 days later the 
minimal fibrillating dose was 1.1 ml/kg, deter- 
mined after a total of 3.5 ml/kg had previously 
been given and after a dose of 1.0 ml/kg had 
failed to produce fibrillation. The animal died 
2 days later without recovering from Dowanol 
anesthesia, 4.6 ml/kg total having been given 
during the last experiment. 

Summary and conclusions. When admin- 
istered intravenously to dogs anesthetized 
with pentobarbital, Dowanol 50B in adequate 
dosage produces auricular fibrillation, but in 
4 dogs was found unsuitable for use in re- 
peated experiments on different days, since it 
caused respiratory depression, prolonged anes- 
thesia, disturbances of gait, intestinal hemor- 
rhages and death. One animal surviving a 
first experiment required a_ significantly 
higher single dose and higher cumulative dose 
for production of fibrillation during a second 
experiment and succumbed following the 
latter. 

We wish to thank the Dow Chemical Co. for a 
generous supply of Dowanol 50B. 


1. Shideman, F. E., and Procita, L., J. Pharmacol. 
and Exp. Therap., 1951, v102, 79. 
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Effect of Liver Ischemia on Plasma in the Dog, as Measured by 


Electrophoretic Analysis.* 


(19700) 


A. M. Rappaport, D. W. CLARKE, AND M. Stewart. (Introduced by C. H. Best) 
From the Department of Physiology, University of Toronto. 


Early attempts to study changes in the 
plasma proteins of dogs after hepatectomy 
were hampered by the short survival time of 
the prepared animals. Munroe and Avery(1) 
found no significant changes in the electro- 
phoretic pattern of dog plasma, in periods up 
to 7 hours after hepatectomy. Lewis, Page, 
and Reinhard(2) were able to obtain plasma 
samples up to 16 hours after the operation. 
They reported but small changes. The total 
plasma protein fell, and a decrease in the 
B-globulin accounted for much of this change. 
We know of no reports of electrophoretic 


studies on plasmas of dogs with reduced 
hepatic circulation. Although Eck fistula dogs 
have been studied from a hematological view- 
point, there is little known about the electro- 
phoretic patterns of their plasmas. 

Our studies have been made on dogs which, 
strictly, were not Eck fistula dogs, although a 
portal-caval anastomosis and ligation of the 
portal stem close to the liver had been carried 
out in all of them. To obtain a maximum 
reduction of circulation in their livers, the 
dogs were subjected to a 3-stage operation in 
which, ultimately, all of the named vessels 
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HIG. 1. Tracings of electrophoretic patterns 


of dog plasma, 2-3 months after stage 2-/ 
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Top, 


dog A22; center, dog A9; bottom, normal dog. 


which supplied the liver were completely tied 
off. The organ continued to live on collateral 
blood supply alone(3). 

After the first and second stages of sur- 
gical preparation, the hepatic artery and all 
its branches are completely tied off, and the 
portal blood is in part diverted from the liver 
by a partial Eck fistula. This fistula consists 
of a portal-caval anastomosis and a ligation 
of the portal vein below its pancreatico- 
duodenal tributary. Venous blood from the 
pancreas, duodenum and stomach can still flow 
into the liver through the pancreatico- 
duodenal vein. 

In the third stage of the operation, the 
pancreatico-duodenal vein was ligated, with 
the result that portal blood was totally di- 
verted from the liver. The hepatic circulation 
in these dogs is now maintained mostly by 
arterial collaterals from the left gastric and 
phrenico-abdominal arteries. They supply the 
liver with arterial twigs which penetrate 
through the coronary ligaments and_ sub- 
serously through the hepato-duodenal liga- 
ment. 

For the electrophoretic studies, 3 ml of 
heparinized plasma from the experimental 
animals were diluted up to 12 ml with bar- 


biturate buffer, of pH 8.6 and ionic strength 
0.1. The diluted plasma was dialysed against 
one liter of buffer for 18-20 hours at 0°C. 
Analyses were made in the standard analytical 
cell of the Aminco-Stern electrophoretic ap- 
paratus. With a potential gradient of 5.1-7.4 
v/cm, satisfactory resolution of the plasma 
proteins took place in 60-90 minutes. Ascend- 
ing patterns were analyzed to determine the 
relative concentrations of the various proteins. 
Total protein was determined by the micro- 
Kjeldahl method. 


Observations and results. Significant changes 
in the electrophoretic pattern appeared only 
after the first and second stages of the sur- 
gical preparation had been completed. The 
plasma of such dogs showed a slight decrease 
in the albumin fraction and an increase in the 
sum of the 8 + ¢ + y fractions. (Fig. 1 
and Table I). The values of albumin re- 
corded as normal in Table I may appear low, 
but this is found to be the average value for 
dogs on a “fox chow” diet. The A/G ratio is 
lower than normal. 

In 3 other dogs (Fig. 2 and Table I) the 
plasma was analyzed 2 to 3 weeks after the 
third stage of the operation. The albumin is 
lower in these dogs than after the second 
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TABLE TI. 
Total pro- 
: Albumin 1 2 23) B CG y A/G tein, g % 
Normal 89.2 dal 3 pane) — 30.7 64 7.66 
AQ 36.7 13.9" 11.1 3.2 —34.9— 58 5.7 
A22 27.6 RTA 6:8 9.7 U—— 46.2 38 6.13 
A30 24.4 —14.5— 9.8 U——51.4——_/ woe 5.00 
A49 9 0.8. 7.1 8.3 ——69.8——/ -099 6.6 
A50 18.6 15.6 ° 45 12.6 ——48.7-_—_ 23 5.94 
stage, and much lower than normal. The Dogs A35, A46, A48, 5 to 6 months after 


corresponding increase in globulin seems to 
have occurred in the 8 + ¢ +4 y fractions. 
The A/G ratio is seen to be very low—drop- 
ping to 0.099 in the case of dog A49. 

Analyses of plasma samples obtained sev- 
eral months after the different operative 
stages showed the following results, which are 
also summarized in Table II. 

Dog A50 (see also Table I), 6 months after 
stage 3, has not recovered a normal albumin 
value (Fig. 3), but instead, the albumin has 
dropped slightly. 


DOG ASO 
STAGE ff 


DOG A49 
STAGE 


DOG A30 
STAGE 


NORMAL 
DOG 


stage 3 (Table IL), have more normal values 
of albumin. Apparently the collateral circu- 
lation has increased to assure normal protein 
production by the liver. It might be noted 
that Dog A48, though in a precarious state of 
nutrition and menaced by slight bouts of meat 
intoxication, still has an almost normal al- 
bumin level. It should be mentioned that all 
dogs have been maintained on a constant diet 
at all times. 

That the condition of the dogs is at least as 
important as the time factor is seen from a 


FIG. 2. Tracings of electrophoretic patterns of dog plasma, 2-3 weeks after stage 3. 
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TABLE II. 
Run Dog Albumin cal x2 23 B i) OY A/G 
168  A50 15.7 Wegener ito! oie eae: 28 
169 A35 41.1 —10.4“.—s— “12.7 6.2 18333) ede? 70 
1700. Ad 35.1 LOG Gre Guanes. Wel 28 <0 LOL Giga Ol! 54 
178 A58 40.7 20.4 12.2 26.2 69 
179 A48 34.6 11 21.6 32.6 53 
182 A55 28.6 10.6 2183 37.8 40 
219 HO34 41.2 Bresso alee SAO 3:S Sesiey 70 
UN ~—Y 
207 HOC28 37.7 14.2 16.2 TO AS Sree On 60 
209 HC27 31.7 15.2 20 D9 Or ak 46 


consideration of the results after stage 2. 

Dog A58, 6 months after stage 2, has a 
normal albumin level, whereas Dog A55, 7 
months after stage 2, has a low albumin value 
(Fig. 3 and Table Il). However, this latter 
dog had a very difficult recovery after stage 1, 
complicated by perforation of the gall bladder 
and generalized peritonitis. Although the re- 


DOG ASO 


STAGE 0 


DOG A35 
STAGE 


DOG A46 
STAGE 0 


DOG AS8 


STAGE I 


DOG A 48° 


STAGE I | 


DOG ASS5 
STAGE T 


covery after the second stage was uncompli- 
cated, still the animal had a prolonged con- 
valescence with poor food intake. 

Dog A9, 2 months after stage 2, had a 
normal albumin level whereas Dog A22, 3 
months after the same operation, had a low 
albumin value (Table I). This dog went 
through several severe bouts of “meat intoxi- 


FIG. 3. Tracings of electrophoretic patterns of dog plasma, 6-7 months after stages 2 and 3. 
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cation” from which it recovered with diffi- 
culty. There is the impression that massive 
doses of vit. A were of some help. (This 
therapy was suggested by the observation of 
signs of vit. A deficiency, such as a scaly skin, 
sublingual ulcers, blindness, reduced sensi- 
tivity of the skin, etc.). 

Two dogs (HC-27 and HC-28, Table II) 
in a state of hepatic coma produced by ligation 
of the common hepatic artery, combined with 
a classical Eck fistula(4) showed albumin 
percentages of 31.7 and 37.7, i.e., not mark- 
edly low values. One animal, HC 34 (Table 
II), which had recovered from hepatic coma 
and was still alive after 13 months, showed a 
normal pattern. 

Summary. Successive surgical interference 
with the blood supply to the liver is followed 
by a decrease in the total proteins. The 
greater the interference with the circulation, 
the lower is the albumin level. The higher 
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globulin level is due to an increase in the 
8B + @-+ y fractions. It is suggested that a 
longer lapse of time after the experimental re- 
duction of the blood supply permits the estab- 
lishment of an adequate collateral circulation 
and tends to reestablish the normal production 
of proteins by the liver. In acutely induced 
fatal hepatic coma no large changes in the 
electrophoretic patterns of the dog plasmas 
were observed during the short survival time. 


1. Munro, M. P., and Avery, A., Am. J. Physiol., 
1946, v146, 673. 

2. Lewis, L. A., Page, J. H., and Reinhard, J. J., 
Am. J. Physiol., 1949, v159, 73. 

3. Rappaport, A. M., 10th Conf. on Liver Injury, 
Josiah Macy, Jr. Foundation, May 1951, p. 146. 

4. Rappaport, A. M., and Lotto, W. N., Proc. Soc. 
Exp. Brot. AND MeEp., 1951, v78, 14. 
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Isolation of M. tuberculosis by Inoculation of the Yolk Sac of Embryonated 


Eggs.* 
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Joun W. BruEck AND G. JoHN BUDDINGH. 


From the Department of Microbiology, Louisiana State University School of Medicine, New Orleans. 


Previous investigators(1,2) have demon- 
strated that MW. tuberculosis proliferates with 
great rapidity in the yolk sac of embryonated 
eggs. These observations were made on em- 
bryos inoculated into the yolk sac with pure 
cultures of the microorganism. Careful search 
of the literature gives no indication that the 
yolk sac has been utilized for the rapid isola- 
tion of M. tuberculosis from materials col- 
lected from patients for the purpose of a more 
rapid laboratory diagnostic procedure. Inves- 
tigations which are being performed in this 
laboratory indicate that inoculation of the yolk 
sac of chick embryos provides a rapid means 
for establishing the etiological diagnosis with 
materials fxm patients with suspected tuber- 
culosis. A preliminary report of the results 
obtained thus far appears to be warranted. 

Methods. Age of embryos and method of 


inoculation. Embryos of 5 to 8 days prelim- 


* Aided by grants from the Eli Lilly Co. 


inary incubation are suitable. The yolk sac 
is inoculated through a small drill hole in the 
shell by means of a syringe and 20- or 22- 
gauge needle. After injection the drill hole 
is covered with melted paraffin. 


Preparation preliminary to inoculation of 
materials tested. Only such materials col- 
lected from patients were tested in which a 
thorough search by the established methods, 
including concentration procedures, failed to 
reveal the presence of acid fast bacilli by 
microscopic examination. Six embryos each 
were inoculated into the yolk sac with each 
specimen. 

Spinal fluid. Spinal fluid collected under 
aseptic precautions requires no preliminary 
treatment. The amount of fluid available 
determines the size of the inoculum which can 
vary from 0.2 to 0.5 ml per yolk sac. 


Pericardial and pleural exudates. A pre- 
liminary test by inoculating’ 0.2 ml amounts 


590 


on a blood agar plate and into thioglycollate 
broth is run to assure bacteriological sterility. 
The size of the inoculum varies from 0.2 to 
0.5 ml per yolk sac. Bacterial contaminants 
are controlled by the addition of appropriate 
antibiotics. 

Gastric washings and sputum. These are 
digested in equal parts 4% NaOH at 37°C 
until all mucus and visible particles are dis- 
solved and then centrifuged at 2000-3000 
r.p.m. for 30-60 minutes. The supernatant is 
discarded and the sediment is carefully 
titrated to normal with 6% H2SO,. The sedi- 
ment is then suspended in 1 to 2 ml of saline 
which contains 1000 units of penicillin per ml. 
Usually 0.1 to 0.2 ml of this suspension per 
yolk sac is used as inoculum. 

Tissues and exudates. Tissues are ground 
with sterile alundum and suspended in saline 
containing 1000 units of penicillin per ml. 
Exudates too thick for aspiration are diluted 
in saline containing penicillin. 0.1 to 0.2 ml 
amounts are inoculated into each yolk sac. 

Other materials. No opportunity for test- 
ing urine or stool samples has thus far pre- 
sented itself. The sediment from the centri- 
fuged urine specimens should present no diffi- 
culty. The presence of Gram negative bac- 
terial contaminants may be controlled with 
the addition of chloromycetin. Stool speci- 
mens would require the judicious addition of 
antibiotics. 

Incubation and examination of inoculated 
embryonated eggs. Inoculated eggs are in- 
cubated at 35 to 37°C. They are candled 
daily and embryos which die during the first 
4 days are discarded. Beginning the fourth 
day after inoculation one embryo from each 
group is examined daily. The yolk sac is 
transferred with aseptic precautions to a 
sterile Petri dish. 

Demonstration of acid fast bacilli in the 
yolk sac. Approximately 1 ml of the yolk is 
transferred to a 2.5 x 10 cm test tube and 
20 ml of 15% phenol is added. The tube is 
sealed with a rubber stopper, shaken vigor- 
ously for 5 minutes and allowed to stand for 
at least 2 hours. By means of a capillary 
pipette a small amount of the fatty layer at 
the surface is carefully removed and smeared 
extremely thinly on the surface of one or more 
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chemically clean slides. After drying and heat 
fixation the smears are stained by the Ziehl- 
Neelsen method and examined microscopically 
for the presence of acid fast bacilli. In most 
instances preparations made in this manner 
from the yolk sacs on the 4th day following 
inoculations contain typical acid fast bacilli 
in abundance. 

Identification of the acid fast microorgan- 
isms as M. tuberculosis. 'Tuberculin negative 
healthy guinea pigs were inoculated into the 
groin and intraperitoneally with 0.5 to 1 ml 
from at least one yolk sac from the group of 
embryos used for each test. Three weeks later 
they were again tuberculin tested. Positive 
reactors were sacrificed and the presence of 
typical acid fast bacilli demonstrated in 
smears from the lesions. 

Results. A total of 50 specimens of various 
types were subjected to yolk sac inoculation. 
Of these 39 were derived from patients with 
various types of tuberculous infection. Eleven 
specimens were obtained from known negative 
controls. Acid fast bacilli were demonstrable 
within 4 to 6 days after inoculation in every 
instance in which positive results were ob- 
tained. In each of these cases the acid fast 
bacilli demonstrated in the yolk sac cultures 
have proven to be M. tuberculosis by guinea 
pig inoculation. Acid fast bacilli have not 
been demonstrable in yolk sacs inoculated 
with materials from the negative controls. 
Guinea pigs injected with yolk from embryos 
inoculated with the control material have de- 
veloped no evidence of tuberculosis. Table I 
summarizes the results thus far obtained. 

Discussion. The yolk sac of the developing 
chick embryo apparently provides exception- 
ally favorable nutritional and environmental 
conditions for the rapid proliferation of VM. 
tuberculosis. Within 4 to 6 days after in- 
oculation acid fast bacteria are readily de- 
monstrable from specimens in which these 
microorganisms are not demonstrable by di- 
rect examination. By this means the time 
period for detecting M. tuberculosis is short- 
ened considerably as compared with that re- 
quired by the established cultural methods 
and by animal inoculation. 

The method has been found to be es- 
pecially valuable in establishing the diagnosis 
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TABLE I. Results of Inoculation of Chick Embryo Yolk Sac for the Demonstration of 
M. tuberculosis. 


Acid fast bacilli Inoculation of yolk 
No. in yolk sae into guinea pigs 
Type of specimen tested Pos. Neg. Pos. Neg. 
5 : { Tests 13 13 0 13 0 
pemalaice ) Controls 6 0 6 0 6 
Sk ee § Tests 7 7 0 7 0 
P Controls 0 
: . § Tests 5 5 0 5 0 
Gastric washings 1 Controls ) 0 9 0 9 
F Tests 6 6 0 6 0 
picsralene i Controls 2 0 2 (ene 2 
‘ : Tests 3 3 0 3 0 
Peritoneal fluid ' Cobisols 0 
: plone Tests af als 0 1 0 
Pericardial | Ganirols 0 
Pinas Tests 4 4 0 4 0 
2 Controls 1 0 1 0 1 
Total tests 39 39 sal 
Controls 11 
in cases of tuberculous meningitis, tubercu- Conclusions. Inoculation of the yolk sac of 


lous pericardial, pleural, and peritoneal ef- 
fusions. Limited experience thus far indi- 
cates its usefulness in following the effect of 
therapy in cases of tuberculous meningitis. 

No attempts have as yet been made in this 
laboratory to determine whether or not the 
method can be adapted to assess the effect of 
therapeutic agents. It also may prove to be 
useful in determining the development of 
drugfastness of strains of M. tuberculosis. 

These investigations are being continued in 
order to assess more accurately the usefulness 
of this method as a practical laboratory pro- 
cedure for the more rapid etiological diagnosis 
of tuberculosis infections. 


5- to 8-day embryonated eggs provides a 
rapid method for demonstrating the presence 
of M. tuberculosis in materials collected from 
patients with suspected tuberculous infections. 
Acid fast bacilli are readily demonstrated in 
the yolk of oe 4 to 6 days after in- 
oculation. 


1. Dubos, R. J., Davis, B. D., Middlebrook,. G., 
and Pierce, C., Am. Rev. Tuberculosis, 1946, v54, 
204. [ 

2. Lee, H. F., Ann. New York Acad. Sc., 1949, 
v52, 692. 
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Influence of Niacin and Priscoline on Ketonuria, Liver Glycogen and. 
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Ratpu G. JANES AND Lots S. BoEKeE. 
From the Department of Anatomy, State University of Iowa College of Medicine, Towa City. 


It has been established that when niacin is 
eee 

* This investigation has been made with the assis- 
tance of a grant from the Committee on Therapeutic 
Research, Council on Pharmacy and Chemistry, 
American Medical Association and the Central Scien- 
tific Fund, State University of Iowa. The niacin 


given in relatively large amounts to diabetic 
rats or normal fasting rats a marked ketonuria 
is exhibited by many of the animals(1,2). 


was supplied through the kindness of Hoffmann- 
LaRoche, Inc., the priscoline through the kindness 
of Ciba Pharmaceutical Products, Inc. 
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TABLE I. Urinary Acetone Bodies, Liver Lipid and Glycogen in Rats Fasted for 5 Days. 
12 animals in each group. 


Urinary ace- 


Terminal tonebodies, Liver glyco- Liver lipid, 
Treatment wt, g mg/24 hr gen, mg % 2% 
Saline control 245 1.96 + .5* 230 + 35 7.71 + 5 
35 mg niacin daily 237 10.30 + 1.9 463 + 44 8.50 + 4 
20 mg priscoline daily 232 8.74 + 2.7 90 + 19 8.73 + .8 


* Stand, error. 


Recently, it has been pointed out that prisco- 
line also has a ketogenic effect in fasted rats 
(3). The question arises as to whether there 
may be alterations in liver fat or glycogen 
during this ketonuria. It has been shown 
that when an animal is in ketosis the liver 
usually has reduced glycogen levels(4), but 
Beringer(5) observed that the level of liver 
glycogen cannot always be correlated with the 
amount of ketone bodies formed. Also, total 
liver fat may be increased during a ketonuria 
but this is probably not obligatory (6,7). 


In the present studies an attempt has been 
made to determine if there is any correlation 
between liver changes and the ketonuria in- 
duced by niacin or priscoline. This work has 
been briefly described in a preliminary 
note(3). 


Methods. Thirty-six adult female rats of 
the Long-Evans strain were divided into 3 
groups and fasted for 5 days. During the fast- 
ing period one group received daily intraperi- 
toneal injections of 35 mg niacin in 7 cc 
physiological saline, another group 20 mg of 
priscoline in saline, while the third group was 
injected with saline alone. Urinary acetone 
bodies were determined for 24-hour samples 
on the third and fifth days of fasting by the 
gravimetric method of Van Slyke(8). 


At the termination of the experiment the 
rats were anesthetized with sodium amytal 
and liver samples were taken for chemical and 
histochemical studies. Liver glycogen was 
determined by the method of Good, Kramer, 
and Somogyi(9) and histochemically by the 
periodic acid leuco-fuchsin method. Total 
liver lipid was determined by extracting 
homogenized tissue with alcohol-ether, evap- 
orating the solvent and weighing the residue. 
Histochemically the lipid was demonstrated 


by an osmic acid procedure. The liver was 
fixed for 24 hours in Flemming’s solution and 
then transferred to 2% osmic for 48 hours. 
This procedure more clearly delineated the fat 
than the Sudan-Black method. No counter 
stains were used. 

Results. The saline injected group of rats 
excreted only small amounts of acetone bodies 
on the 5th day of their fast (Table I). The 
animals receiving niacin or priscoline, how- 
ever, had increased levels of urinary ketone 
bodies. The priscoline group exhibited the 
largest variation in their ketogenic response. 

There were quantitative differences in liver 
glycogen values in the 3 groups of rats. The 
glycogen values for the saline group were rela- 
tively high considering the animals had been 
fasted for 5 days. The niacin injected group, 
however, had higher levels and the priscoline 
injected much lower levels than the saline 
controls (Table I). 

It was thus of interest to know what the 
histochemical preparations for liver glycogen 
would show as far as amount and distribution 
is concerned. The saline injected controls 
had normal glycogen distribution. Most of 
the glycogen was present in cells in the region 
of the central veins (Fig. 1) and with the 
exception of a few cells adjacent to portal 
triads, the rest of the liver was relatively free 
of glycogen. The liver glycogen of the pris- 
coline injected rats was much less than seen 
in the controls and although the photomicro- 
graph (Fig. 3) shows practically no glycogen, 
in some instances there was more than is rep- 
resented in this picture. The niacin injected 
rats showed a remarkable amount of liver 
glycogen, similar to that found in non-fasting 
animals. Furthermore, the distribution of the 
glycogen droplets was somewhat different than 
that ordinarily observed since they were quite 
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FIG. 1. Saline control, liver glycogen 154 


FIG. 2. 
FIG. 3. Priseoline ” 


FIG. 4. Same liver as Fig. 1, liver lipid 7.49 g %,. 
” ” ” 9 ” 


” 


FIG. 5. 
FIG. 6. ” ” ” 


3 
(All figures X 125.) 


evenly distributed throughout the lobules 
(Fig. 2). 

Because of the differences in the amount 
and distribution of liver glycogen in the 3 
groups of rats, it was of particular interest to 
study theSevels and distribution of liver fat. 
Chemically the amounts of total liver lipid 
were similar in the 3 groups of animals (Table 
I). Moreover, in the histochemical prepara- 
tions the liver lipid in the saline and priscoline 
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injected animals had a similar distribution. 
The lipid was present, chiefly in the region 
around the portal triads and consisted of small, 
medium and large intracellular droplets (Fig. 
4, 6). The small droplets were generally 
present in the periphery of the liver cells. In 
the niacin injected animals the liver lipid was 
present as only small and medium droplets 
but the droplets were quite evenly dispersed 
over the whole liver section (Fig. 5). 


594 


In the liver preparations of each group of 
rats some nuclei contained osmiophilic ma- 
terial. Whether this was lipid is not clear 
because it was not possible to reproduce this 
picture with Sudan-Black stain. There was 
no microscopic evidence of liver injury in any 
of the animals. 

The question arises as to whether there is 
any correlation between the described liver 
changes and the presence of increased levels 
of urinary acetone bodies. There apparently 
is no such correlation because a ketonuria is 
present, on the one hand, in niacin-injected 
rats which have high levels of liver glycogen 
and, on the other, in priscoline-injected rats 
which have low levels of liver glycogen. Evi- 
dence that priscoline modifies carbohydrate 
metabolism is ‘brought forth by Sasson(10) 
who showed that the insulin requirements of 
some human diabetics is reduced following 
the administration of priscoline. 

Summary. When large amounts of niacin 
or priscoline were given daily to rats fasted 
for 5 days, an excessive excretion of urinary 
acetone bodies was noted in most of the ani- 
mals. Niacin-injected rats had higher levels 
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of liver glycogen, priscoline-injected lower 
levels. Total liver lipid was not altered by 
either drug. There appeared to be no cor- 
relation between the amount of liver fat or 
liver glycogen and the presence of excess 
ketone bodies in the urine. 
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Most of the experimental studies dealing 
with the effects of cortisone administration to 
dogs refer to profound changes in electrolyte 
and water metabolism, but there is little in- 
formation available as to the glycemia and 
the behavior of the glucose tolerance test 
curves during and after prolonged injection 
with cortisone. Mushett, Porter, and Silber 
(1) reported that daily subcutaneous treat- 
ment of 3 dogs with 10 mg/kg for a period 
of 2-3 weeks brought about a profound 
polyuria and polydipsia. Davis, Bass, and 
Overman(2) in an extensive study were able 
to demonstrate the remarkable influence of 
cortisone on the ionic balance of normal and 


adrenalectomized dogs. The present study 
was originally an investigation of the in- 
fluence of cortisone upon the carbohydrate 
metabolism in normal dogs. However, it was 
found that large doses of cortisone may pro- 
duce a picture which resembles diabetes in- 
sipidus rather than diabetes mellitus. 

Material and methods. Five mongrel dogs, 
3 males and 2 females of a weight between 
9 and 12 kg were used in this study. The 
animals were confined in metabolic cages and 
a measured amount of commercial dog food 
was fed. The amount of urine, the specific 
gravity and the amount of consumed drinking 
water were measured every morning. Urine 


TABLE I. Carbohydrate and Water Balance Before and After Treatment with Cortisone. 


Before treatment* 


Spec. gray. 


Urine, cm? 


Drinking 
water, cm® 


ing blood 


Highest fast- ———Max (24 hr)——, 
sugar, mg % 


———_ After treatment 


Wt, kg 


Cortisone treat- 
ment, mg/day 
50 mg daily for 


Spee. gray. 


Urine, em® 


Drinking 
water, em* 


Max (24 hr) ——_, 


Fasting 


blood sugar, 
mg % 


we, kg 


Dog No. 


3000 2600 1007 


98 


11 


12.7 78 760 620 1027 


DS 11 


13 days 
Total: 650 mg 


200 mg 7 days 
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1007 


0 


lor 
~ 
wD 


105 6200 


8.5 


100 mg 7 days 
2100 mg 


Total: 


9 93 400 300 1040 


DS 13 


5580 5000 1008 


84 


400: 1035 100 mg 7 days 


680 


DS 14 


50 mg 7 days 


Total: 


1050 mg 


9.5 99 420- 390 1037 


500 mg 


25 mg 6 days 


50mg 7 days 
Total: 


1050 


10.5 76 300 


DS 15 


106 1000 900 1018 


12.4 


1200 mg 


300 mg 4 days 


12.6 90 180 210 1045 
Total: 


DS 16 


* Period of observation 4-6 days. 


sugar was determined by “Clinitest Tab- 
lettes’” (Ames Co., Inc.) and blood sugars 
by the method of Miller and Van Slyke(3). 
Fasting blood sugar specimens were usually 
taken every second day during the experiment 
and every morning during the first 4 days of 
cortisone treatment. Glucose tolerance tests 
were carried out using the method of intra- 
venous injection; 1 g per 1 kg of body 
weight were injected and samples drawn after 
3, 10, 20, 40, 60 and 90 minutes. Cortisone 
(Cortone Acetate ‘“Merck’”) was adminis- 
tered intramuscularly and the daily total dose 
was divided into several injections of 50 mg 
each. In one dog 300 mg a day was to be 
injected; 150 mg was given intramuscularly 
in 3 injections, the remaining 150 mg was 
administered intraperitoneally. 

Results. It is obvious from Table I that 
a significant elevation of the fasting blood 
sugar following cortisone treatment was not 
observed in any of our 5 dogs. Fig. 1 shows 
a glucose tolerance test curve before and after 
treatment with 300 mg of cortisone a day for 
4 days. Both curves are normal. Similar 
glucose tolerance test curves were obtained 
also from the other 4 dogs. It is further ob- 
vious from Table IT that a daily dose of 50 mg 
and more maintained for several days was 
sufficient to produce a remarkable polydipsia 
and polyuria which reached in some instances 
10 times the normal values (Fig. 2 and 3). 
Our electrolyte balance study in such polyuric 
conditions needs further investigation; how- 
ever, we are able to say that the concentra- 
tion of sodium and chlorine in urine is de- 
creased. Hence, all the cardinal symptoms of 
diabetes insipidus such as polydipsia, polyuria, 
low specific gravity and low concentration of 
NaCl in urine have been observed. The test 
of water deprivation to a “point of discomfort” 
was performed in 2 polyuric dogs. The dogs 
were fed the usual diet but water was with- 
held. The urine showed a specific gravity 
lower than 1010. After 9 hours the experi- 
ment was discontinued because of the de- 
hydration of the animals. Dog DS 11 was 
treated with pituitrin for one day; 5 I.U. were 
injected subcutaneously at 10 A.M. and 6 
P.M. The posterior pituitary hormone was 
able to restore almost normal conditions as far 
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GLUCOSE TOLERANCE CURVES 


DOG DS 16 


—— Refore Cortisone 


een After 4 days of Cortisone 
(300 Me/day ) 


a & Jo 


; MINUTES 
FIG. 1. Glucose tolerance curve before and after 1200 mg of cortisone. 
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FIG. 2. Development of polydipsia and polyuria during cortisone treatment. Pituitrin was 
able to restore almost normal water balance. 


as thirst, polyuria and specific gravity of urine 
were concerned (Fig. 2). Dogs DS 11 and 
DS 16 were followed for a certain time also 
after the cortisone treatment was stopped, 
while the dogs DS 13, 14 and 15 were sacri- 
ficed at the end of the injection period. The 
pancreas, kidney and hypophysis were exam- 


ined histologically. In the dogs which were 
kept alive all the above mentioned symptoms 
of diabetes insipidus disappeared and normal 
conditions were established within 6-7 days. 
Paraffin sections of the pituitary and of 
representative blocks (Bouin or formalin fixa- 
tion) of the liver, kidney, pancreas, and ad~ 
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FIG. 3. Development of polydipsia and polyuria during cortisone treatment. Thirst for 9 hr 
had no remarkable effect upon the diuresis, and the specific gravity of the urine remained low. 


renals were prepared in the usual manner and 
stained with hematoxylin and eosin. Sec- 
tions of pancreas were specially stained to 
demonstrate the 8-granules in the islets of 
Langerhans and examined by phase-contrast 
microscopy. Frozen sections of adrenals, kid- 
neys and livers were stained by Wilson’s tech- 
nic(4) to demonstrate deposits of lipid. With 
one exception (see below.) the tissues were 
free of pathological lesions, aside from ter- 
minal renal congestion and minimal fatty 
change in the liver. Deposits of stainable fat 
were present in the tubules of the kidneys 
from 2 of the dogs. Abundant lipid was 
present in the adrenal cortices of all animals, 
particularly in the zona reticularis. The in- 
tensity of B-cell granulation of the islets of 
Langerhans fell within normal limits.* 


Discussion. The normal blood sugar values 
found in our experimental animals throughout 
the experiment on one hand and the produc- 
tion of the syndrome complex of diabetes 
insipidus on the other hand provide a good 
demonstration of the considerable overlapping 
between the group of “glucocorticoids” and 
“mineralocorticoids.” The maintenance of a 
normal blood sugar level and the normal glu- 


cose tolerance test curves after large doses of 
cortisone are features quite similar to the 
response obtained by Fajans, ‘Conn, et al.(5) 
with large doses of ACTH. An amount as. 
high as 345 mg of ACTH per day injected 
for 4-6 days produced a typical diabetic glu-- 
cose tolerance curve only in one out of, 3. 
mongrel dogs. 

A diabetes insipidus-like picture has also. 
been produced in dogs by 11-desoxycortico- 
sterone as reported by Ragan, Ferrebee, 
Phyfe, Atchley, and Loeb(6) and by Mulinos, 
Spingarn, and Lojkin(7). Britton and his 
coworkers(8-10) and Mulinos and _associ- 
ates(7), on the basis of their results, de- 
veloped a theory that the adrenal cortex and 
the posterior pituitary are physiological an- 
tagonists in relation to certain phases of renal 
function. Thus, according to this theory, the 
increased water exchange of our dogs can be 
explained to a certain degree by a preponder- 
ance of adrenocortical activity to an extent 
which cannot be counterbalanced by the pos- 
terior pituitary, the end result being a diabetes 
insipidus-like picture. 


*We are greatly indebted to Dr. W. Stanley 
Hartroft for making the histological examinations. 
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Summary. A syndrome closely resembling 
diabetes insipidus was produced in 4 mongrel 
dogs by daily injections of cortisone in doses 
of 50 to 300 mg a day. The period of hor- 
mone injection varied from 4 days to 14 days 
in different dogs. The polydipsia reached 
values as high as 6200 cc per day and the 
polyuria reached values as high as 5790 cc per 
day. Frequent fasting blood sugar determina- 
tions and glucose tolerance tests did not reveal 
any changes in carbohydrate metabolism. 
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Agglutination of a Pure Strain of Mammalian Cells (L Strain, Earle) by 
Suspensions of Vaccinia Virus.* (19704) 


WILLIAM F. SCHERER. 


(Introduced by J. T. Syverton) 


From the Department of Bacteriology and Immunology, University of Minnesota, Minneapolis. 


It is the purpose of this paper to record 
experimental results which demonstrate the 
ability of suspensions of vaccinia virus to 
agglutinate altered fibroblastic cells (L strain, 
Earle) (1). Heretofore, the reported evidence 
for agglutination of mammalian cells by 
viruses was limited to hemagglutination. 

A variety of viruses have in common the 
ability to agglutinate erythrocytes(2-4). 
These viruses fall into two groups(5).t The 
first group is made up of the viruses of vac- 
cinia, variola and ectromelia. These viruses 
possess hemagglutinins which are separable 
from the infectious viral particle. The second 
group includes the viruses of mumps, New- 
castle disease and influenza. These viruses 
have hemagglutinins which are inseparably 
associated with the viral particle. It has been 
shown that viruses from the second group 


* Aided by a grant from the American Cancer 
‘Society, on recommendation of the Committee on 
Growth, National Research Council. 

+ For a review of the subject of hemagglutinins 
and hemagglutination, the reader is referred to 
reference 5. 


adsorb to cells other than erythrocytes. For 
example, influenza virus adsorbs to cells from 
ferret lung(6), and the virus of Newcastle 
disease has been shown to react with tumor 
cells to inhibit tumor growth(7). However, 
in those studies it was not possible to demon- 
strate that cells were agglutinated by the 
viruses. 

During a study of the host cell-virus rela- 
tionships between each of a variety of viruses 
and a strain of mouse cells cultivated im vitro 
(L strain, Earle), it was noted that a hemag- 
glutinating virus which has a soluble hemag- 
glutinin, vaccinia virus, caused cellular agglu- 
tination. This strain of cells has been main- 
tained in vitro by Earle and coworkers since 
1940(1). While being cultivated in vitro, the 
cells developed the capacity to produce sar- 
comas upon inoculation into mice(8). Since 
1948, this strain of cells has had as its parent 
cell, a single cell(9). Cells from this strain 
may be considered as altered fibroblastic cells 
(10). 

Materials and methods. Viruses. Three 
viruses were employed. Vaccinia virus was 
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TABLE I. Results of Viral Agglutination Experiments with Erythrocytes and L Strain Cells. 


Viral titer Viralhemagglutinin Agglutination 
Passage in rabbit titer (reciprocal of of L strain 
Virus Exp. No. of virus* Meieeslobat final dilution of virus) cells at 36°C 
1 CA-3 LOS DAE Uae 3/3t 
2 CA-4 Os ee 6/6 
3 9 ” ” 2/2 
Vaccinia 4 CA-6 NL 1286 2/2. 
5 CA-5 LOS 16 3/3: 
6 CA-6 N.T. 256 4/4, 
7 ” » ” 2/2 
8 ” ” ” 4/4 
af A-1 256 } 
Mumps 2 a i 0/2 
3 ” ” 
ae A-l 64° 1) 
Influenza 2 Ks Y 0/2 
type A 3 A-? 2048 
4 A-2 16384 


* <¢QA-3”? signifies the third passage of vaccinia virus on chorioallantoic membranes. ‘‘ A-1’’ 
indicates the first passage of mumps or influenza viruses in allantoic sacs of embryonated 


chicken eggs. 
t N.T. signifies not tested. 


+ Numerator indicates number of cultural flasks which showed cellular agglutination; de- 
nominator signifies number of flasks inoculated with virus. 

§ Discrepancies between titers of vaccinial hemagglutinin shown for passage CA-6 are 
within the limits of accuracy for the method employed since they represent only a 1 tube dif- 


ference in results. 


utilized as the supernatant fluid following 
centrifugation for 10 minutes at 1500 rpm 
of a 5% or 10% suspension of infected 
chicken chorioallantoic membranes. These 
membranes had been triturated by mortar and 
pestle in 5% dextrose in water. Vaccinia 
virus was quantitated for infectivity by the 
injection intracutaneously in rabbits of 0.2 ml 
aliquots of successive decimal dilutions of in- 
fected chorioallantoic membranes. The least 
amount of virus which produced lesions with 
induration, 5 mm or more in diameter in 4-7 
days after inoculation was accepted as the 
titration or infectivity end point. Mumps 
virus was used as allantoic fluid from embryo- 
nated chicken eggs which had been infected 
5 days previously. Infected allantoic — fluid 
harvested after 48-72 hours of incubation at 
36°C was the source of influenza virus, type 
A PR8 strain. Stock supplies of each virus 
(1 ml aliquots) were stored on dry ice for use 
during these experiments. 

Cells.» L strain. The L strain of mouse 
cells was kindly supplied by Dr. W. R. Earle. 
Cells were cultivated at 36°C on the glass wall 
of Porter flasks by the employment of a 
mixture of horse serum, 40%, chicken em- 


bryonic extract (1:1), 20%, and Hanks’ solu- 
tion, 40%. Cells were used for agglutination 
purposes after periods of from 1 to 8 days. 
of cellular cultivation. The ability of the 
viruses of vaccinia, mumps and influenza to. 
agglutinate L strain cells was determined by 
the addition of virus, 0.1 ml, to Porter flask 
cultures which contained 1.0 ml of liquid 
medium and sufficient cells to cover 80-100% 
of the wall of the flask. Cells were observed 
at 50x and 100x magnification for agglutina- 
tion at 24 and 48 hours after the inoculation 
of virus. The results from agglutination tests 
which were attempted in test tubes with sus- 
pensions of L strain cells, were equivocal be- 
cause spontaneous agglutination of the cells 
in the absence of virus frequently occurred. 

Erythrocytes. Chicken erythrocytes from a 
single rooster were employed for hemagglu- 
tination tests, which were performed by the 
pattern method described by Salk(11). Dilu- 
tions of virus and a suspension of erythro- 
cytes, 0.25%, were used in volumes of 0.4 ml 
each. The hemagglutination tests were read 
after 2 hours of incubation at 36°C for vac- 
cinia virus and at room temperature for 
mumps and influenza viruses. 
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FIG. 1. Normal L strain cells; note the configuration and the even distribution of the cells. 
X 60. 

FIG. 2. L strain cells showing agglutination 48 hr after the addition of a suspension of 
vaccinia virus. X 60. 
- #IG. 3. L strain cells from a culture 48 hr after the inoculation of a mixture of vaccinia 
‘virus and immune serum. Note the absence of cellular agglutination. X 60. 

FIG. 4. L strain cells at 48 hr after the inoculation of mumps virus. xX 45. 

FIG. 5. Agglutination of the cells shown in Fig. 4 by vaccinia virus, added 5 days after 
mumps virus. This photograph was made 24 hr after the inoculation of vaccinia virus. X 45. 

FIG. 6. L strain cells at 48 hr after the addition of influenza virus, type A, PR8 strain. 
x 60. 

FIG. 7. Agglutination of the cells shown in Fig. 6 by vaccinia virus, added 5 days after 
influenza virus; at 24 hr after the inoculation of vaccinia virus. X 60. 
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Vaccinial antiserum.  Pre-immunization 
serum was obtained from a normal rabbit. 
This animal was subsequently inoculated intra- 
cutaneously, for titration purposes, with 0.2 
ml aliquots of decimal dilutions (10°) of 
chorioallantoic membranes infected with vac- 
cinia virus. Cutaneous lesions typical of vac- 
cinia resulted from the lower 6 dilutions by 5 
days after inoculation. Fifteen days after 
inoculation, serum was obtained from the rab- 
bit. Both the pre- and post-immunization 
sera in small aliquots were stored at —20°C. 
Heat inactivation of complement was carried 
out prior to use of the sera for agglutination 
inhibition tests. 

Results. Agglutination of L strain cells by 
suspensions of vaccinia virus. Table I pre- 
sents the data from 8 experiments performed 
on separate occasions. It may be seen that L 
strain cells were agglutinated by vaccinia 
virus contained in each of 4 suspensions from 
different passages, CA?-CA®, on the chorio- 
allantoic membranes of embryonated chicken 
eggs. Thus, each passage material readily 
agglutinated L strain cells even though in dif- 
ferent passages, the infectious titers in rabbits 
ranged from 10°-° to 1083, and the hemag- 
glutination titers ranged from 1:16 to 1:256. 
Fig. 1 and 2 present the appearance of normal 
L strain cells and of L strain cells agglutinated 
by a suspension of vaccinia virus. For control 
purposes, it was determined that a 10% sus- 
pension of normal chorioallantoic membrane 
did not agglutinate L strain cells. It was ob- 
served that the extent of agglutination was not 
affected by the age of the cells in culture pro- 
vided the cells had appeared normal micro- 
scopically at the time virus was added. For 
Exp. 7, L strain cells were observed for ag- 
glutination at 2, 4, and 7 hours, as well as at 
24 and 48 hours. No agglutination was pres- 
ent at 2 and 4 hours. Slight agglutination was 
seen at 7 hours, and by 24 hours, marked ag- 
glutination was evident. Usually maximal 
agglutination existed by 24 hours after the 
inoculation of virus, but occasionally further 
clumping of the cells occured by 48 hours. 

The presence in the liquid medium of horse 
serum and embryonic extract was not essential 
for agglutination of L strain cells to occur, 
since for Exp. 1 a synthetic medium(12) had 
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been employed for maintenance of the cells 
during the agglutination experiment. 

Titers of agglutinins for L strain cells and 
for chicken erythrocytes were determined 
simultaneously in Exp. 6. The final dilution 
of vaccinia viral suspension which agglutinated 
L strain cells was 1:32 and that which ag- 
glutinated erythrocytes was 1:256. An ex- 
planation of the difference in agglutinin titers 
is unknown. However, the cells obviously are 
dissimilar in origin, morphology and physiol- 
ogy, and the suspending medium for L strain 
cells, a mixture of horse serum, embryonic 
extract, and Hanks’ solution, differed mark- 
edly from the saline employed for the hemag- 
glutination tests. 

For each agglutination experiment either 
with L strain cells or with erythrocytes, con- 
trol preparations showed that no spontaneous 
cellular agglutination occurred in the absence 
of vaccinia virus. 

No evidence was obtained to show that vac- 
cinia virus multiplied in cultures of L strain 
cells. Vaccinia virus persisted in the liquid 
phase of L strain cultures for as long as 8 days 
after viral inoculation, but the titers were 
found to decrease gradually during that 
period of time. 

Neutralization by immune serum of vaccinia 
viral agglutination of L strain cells. To es- 
tablish that the presence of vaccinia virus, jits 
soluble hemagglutinin or similar factor in 
suspensions of chorioallantoic membranes was 
causally related to the agglutination of L 
strain cells, vaccinial antibodies were used to 
inhibit agglutination. Serum obtained from 
a rabbit prior to immunization with vaccinia 
virus, and serum obtained following immuniza- 
tion were employed for viral inhibition tests 
which were done with both L strain cells and 
chicken erythrocytes. Equal quantities of 
serum and viral suspension were mixed and 
within 2-5 minutes, were added to L strain 
cells and erythrocytes. Table II presents the 
results from these agglutination inhibition 
tests. It is apparent for the dilutions of pre- 
immunization serum employed, that no inhibi- 
tion of agglutination occurred for either L 
strain cells or erythrocytes. In contrast to 
the failure of pre-immunization serum to in- 
hibit agglutination, the post immunization 
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TABLE II. Neutralization by Anti-vaccinial Virus Rabbit Serum of Vaccinia Viral Agglutina- 
tion of Erythrocytes and Altered Mouse Fibroblasts (L Strain, Earle). 


Final dilution 
of vaccinia 


————Reeciprocal of final serum dilution 


Cells virus employed -——Pre-immunization——, ~——Post-immunization——_, 

32. 64 128 256 C* 32 64 128 256 512 1024 C€ 

Chicken 1:32 (4hemagglu- +t + + + 0 0 0 0 + + + 0 
erythrocytes __ tinating units) 

24 48 96 192 384. C 24 48 96 192 384 C 

Lstraincells 1:24 + + 4+ 4 + 0 0 0 + + + 0 


* C signifies a control preparation of either the 1:32 dilution of serum for the hemagglutina- 
tion tests or the 1:48 dilution of serum for L strain cells in admixture with test cells 


to rule out spontaneous agglutination. 


+ + denotes cellular agglutination; +, slight agglutination; 0, no agglutination. 


serum effectively prevented hemagglutination 
and L strain cellular agglutination. For ex- 
ample, L strain cellular agglutination by vac- 
cinia virus was completely inhibited by a 1:48 
dilution of the immune serum, and hemag- 
glutination by a 1:128 dilution. Thus, evi- 
dence for a rise in the titer of vaccinial anti- 
bodies following immunization was demon- 
strable by the use of cellular agglutination of 
either L strain cells or of chicken erythrocytes. 
Fig. 3 shows the absence of cellular agglutina- 
tion in a culture inoculated with vaccinia virus 
and immune serum. 

Failure of the viruses of mumps, and in- 
fluenza A to agglutinate L strain cells. For 
comparison with the results obtained with 
vaccinia virus, 2 viruses, mumps and influenza 
A, which agglutinate erythrocytes but do not 
form soluble hemagglutinins, were employed 
for experiments with L strain cells. The data 
that relate to 3 experiments with mumps virus 
and 4 experiments with influenza virus were 
included in Table I. It can be seen that al- 
though these viruses were potent hemagglu- 
tinating agents, they failed to agglutinate L 
strain cells in a total of 14 cultural flasks 
(Fig. 4 and 6) even though cultures were ob- 
served for as long as 7 days after viral inocula- 
tion. The possibility that the viruses of 
mumps and influenza were immediately in- 
activated by the horse serum-embryonic ex- 
tract mixture employed as a nutritive medium 
for L strain cells, was excluded by the demon- 
stration that the hemagglutinating properties 
of mumps and influenza A viruses, as well as 
vaccinia virus, persisted in cell free, horse 
serum-embryonic extract mixture for at least 
24 hours. Attempts to agglutinate L strain 


cells at 22-25°C with mumps, influenza and 
vaccinia viruses have failed. However, L 
strain cells were readily agglutinated when a 
suspension of vaccinia virus was added at 
36°C, to cultures which 1 to 5 days pre- 
viously, had been inoculated with either 
mumps or influenza virus (Fig. 5 and 7). 
Summary. Mouse “fibroblastic” cells from 
a pure strain of cells in vitro (L strain, Earle) 
were found to be agglutinated by suspensions 
of vaccinia virus, but not by the viruses of 
mumps and influenza A under the experi- 
mental conditions employed. The ageglutina- 
tion of L strain cells by suspensions of vac- 
cinia virus was inhibited by vaccinial anti- 
bodies. The results of these experiments 
show that cellular agglutination by suspensions 
of vaccinia virus is not limited to erythrocytes. 
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Effect of Adrenocorticotrophic Hormone on Tissue Distribution and Acute 


Toxicity of Beryllium. 


(19705) 


M. R. Wutte, A. J. FINKEL, AND J. SCHUBERT. 


From the Division of Biological and Medical Research, Argonne National Laboratory, Chicago. 


Many human cases of chronic pulmonary 
granulomatosis produced by inhalation of 
beryllium compounds have shown clinical im- 
provement after treatment with adrenocortico- 
trophic hormone (ACTH) (1,2). These find- 
ings prompted the following study of the 
effects of ACTH on (a) the tissue distribution 
of injected radioberyllium, Be’, and on (b) 
the survival of mice acutely poisoned with 
beryllium. 

Methods. Beryllium was administered in- 
travenously and ACTH intraperitoneally into 
young adult female CF #1 mice, weighing 
21 to 27 g. In the tissue distribution studies, 
Be? was injected as the chloride either in 
tracer amounts (<0.001 pg/kg) or with suf- 
ficient carrier BeSO, to give each mouse ap- 
proximately 0.3 mg Be/kg. This is a sub- 
lethal dose, the 14-day LDso9 being 0.5 mg 
Be/kg. In the survival studies, mice in 
groups of 10 each received an LD»; of BeSO, 
in water, 0.7 mg Be/kg. Beginning imme- 
diately after the administration of beryllium, 
freshly prepared ACTH* in aqueous solution 
was given twice daily, in 1.25 mg amounts 
(equivalent to 2.5 mg of the standard ACTH), 
a dose schedule which will maintain a sus- 
tained eosinopenia and leucopenia in mice(3). 
In the survival studies, ACTH was given to 
the experimental group until death of the 
animals (2.5 days). In the distribution study, 
it was administered for 10 consecutive days 
and the mice were sacrificed on the 11th day 
when various tissues were removed for radio- 
activity analyses. Methods of assay were the 
same as described earlier (4). 

Results. The data in Table I indicate that 
after 10 days of treatment ACTH had no sig- 
nificant effect on the distribution of radio- 
berylliuti in the presence of sublethal amounts 
of carrier BeSO,. At the-tracer level, how- 
ever, there is a suggestion that ACTH leads 


* ACTH, Lot 212-103, 2 U.S.P. Units per mg, kind- 
ly furnished by the Armour Laboratories, Chicago, II. 


to slightly increased elimination of Be‘, the 
probability values for the differences between 
femurs, residual carcasses, and total animals 
being 0.047, 0.036, and 0.06, respectively. 
These results extend those obtained in pre- 
liminary work(5) in which no change in tracer 
Be‘ tissue distribution was found at 3 days 
after a single intraperitoneal injection of 0.25 
mg ACTH given either immediately or 42 
hours after the administration of Be’. The 
presence of carrier in sublethal amounts led 
to significantly greater retention of radio- 
beryllium by the mouse than occurred with 
carrier-free Be’, a result consistent with the 
findings in rats and rabbits(6). 


Survival of mice given an LD»; of BeSOx 
was not affected by the ACTH treatment. 
The mortality curves for the treated and the 
untreated groups were almost identical, and 
the time to 50% death was 2.0 days for the 
former and 2.2 for the latter. 


Discussion. ‘To the extent that extrapola- 
tion from the mouse data is valid, these re- 
sults indicate that ACTH probably is not/re- 
sponsible for any gross redistribution or ex- 
cretion of Be in human cases of chronic 
berylliosis. It appears from available clinical 
data that there is no change in Be excretion 
during ACTH therapy of cases of chronic 
pulmonary granulomatosis produced by Be 
Glee 

The fact that ACTH had no effect on acute 
experimental Be poisoning in mice, in which 
liver necrosis is the predominant pathological 
feature, while human cases of chronic pul- 
monary berylliosis are frequently benefited 
by this drug, reflects the differences between 
these conditions. These differences include 
route of administration or manner of exposure, 
the physical-chemical nature and the amounts 
of the beryllium compounds, and the lengths 
of time the tissues are exposed to beryllium. 
In the human cases ACTH is thought to be of 
benefit by producing a resolution of the granu- 
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TABLE I. Effect of ACTH on Distribution of Radioberyllium 11 Days after Injection of Be’. 
% injected dose of Be’.* 


———Carrier-free Be’. 


Be? + carrier-————_, 


Tissue Be only Be + ACTH Be only Be + ACTH 
Liver 13.7 +1.7 104 +13 1935 + .3 17.8 RS. 
Femurs 2 steal AR (Giaenas = yal 9o* ae 2 + .04 
Kidneys V5. 02 inst 2.05 ola .06 49 .02 
Spleen 58+ .03 AT+ .04 3 +> 2 A aes) 
Lungs 07+ .004 08+ .004_ 22 + .02 22s) 03 
Careass 27.9 +1 24.3 + .6 32.4 +1.4 BL SES 
Total 44.4 42.7 37.1 + 8 57.5 +2 55 User 


* Each value is a mean 


based on 3 mice, except in the Be? + carrier control group, which 


consisted of 2 mice. Deviation is expressed as the standard error of the mean. 


lomatous infiltration and possibly of the 
fibrosis(1,8) with resultant reduction of the 
alveolar-arterial difference in oxygen partial 
pressure(9). 

The lack of effect of ACTH both on the 
survival of mice acutely poisoned with Be and 
on Be distribution suggests that there is no 
direct reaction between beryllium and either 
ACTH or any substance produced by ACTH 
activity. On the other hand, successful anti- 
dotal action against acute experimental bery]- 
lium poisoning in mice in the case of aurintri- 
carboxylic acid is associated with the known 
ability of this substance to react chemically 
with Be under physiological conditions even 
though it produces no redistribution or in- 
creased excretion of Be(10,11). 

Summary. Adrenocorticotrophic hormone 
(ACTH) had no appreciable effect on the dis- 
tribution or retention of radioberyllium, in- 
jected into mice with and without carrier 
beryllium sulfate. The survival of mice 
acutely poisoned with beryllium sulfate was 
not influenced by ACTH. 
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Lethal Doses of X-Radiation. 
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Joun L. Gray, JoHn T. TEw, AND H. JENSEN. 
From the Army Medical Research Laboratory, Fort Knox, Ky. 


In a previous publication(1) it was demon- 
strated in rats that pretreatment with pitres- 
sin or epinephrine afforded pronounced pro- 


tection against total body x-irradiation. The 
protective effect was assumed to result from 
the production of a temporary tissue anoxia 
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TABLE I. Effect of Serotonin, PAPP and NaNO, on Survival of Rats after 880 r Total 
Body X-Irradiation. 


Time of treat- 


Survival, 28-day —% methemoglobin— 


ment relative to © | ———_——__-__ Start Avg during 
Treatment (IP) x-radiation, min No. % of x-ray x-ray period 
Serotonin 
Control (H50) 5 before 3/55* 6 
20 mg/kg 30/31 97 
4." Hs 10/38 26 
PAPP 
Control (propyl- 30 before 26/77 34 1.5 — 
ene glycol) 
32 mg/kg 2 29/31 94 76.9 Tie 
1G ee 2 29/30 97 73.1 71.3 
6 2 & 14/30 47 55.8 54.4 
NaNO», 
Control (saline) 10 or 30 before 5/44 11 5 = 
60 mg/kg OZ 9/30 30 52 54.7 
GO Srey TOs 2 2/23 9 25.4 42 


* First number indicates survivals; following 


out of 55. 


by these agents. Further investigation of this 
pre-protection by vasoconstrictor agents was 
made employing serotonin (5-hydroxytrypta- 
mine), the vasoconstrictor agent present in 
blood platelets(2). In addition, to substan- 
tiate further the concept of the possible sig- 
nificance of the amount of oxygen in the tissue 
with regard to radiation effects, studies have 
been made on methemoglobinemia as a means 
of producing a reduced tissue oxygen tension. 


Methods. Male Sprague-Dawley rats, 
weighing 270 + 10 g, were irradiated in pairs, 
one serving as control, the other as a treated 
animal. Each pair was exposed to total body 
x-irradiation for 22 minutes in a single ex- 
posure. Radiation factors were: 200 kv, 6 ma, 
¥Y% mm Cu 1 mm Al filter, target distance 
approximately 29 cm, and 40 r/min., dosage 
rate measured in air.* 

Either 1 or 5 mg of serotonin creatinine 
sulfatet in %4 ml of water were injected intra- 
peritoneally 5 minutes before exposure. 
Methemoglobinemia was produced by the ad- 
ministration of either sodium nitrite or para- 
aminopropiophenone. Sodium nitrite was dis- 


* The authors wish to express their appreciation to 
the Radiobiology Department of this laboratory for 
assistance in the irradiation procedure. 

+We are grateful to the Abbott Laboratories, 
Chicago, IIl., and to the Upjohn Co., Kalamazoo, 
Mich., for supplying us with samples of this prep- 
aration. 


number indicates total animals, i.e. 3 survived 


solved in isotonic saline to a concentration of 
20 mg NaNOsz per ml. Doses of 0.75 ml were 
administered intraperitoneally 10 or 30 min- 
utes before exposure. Dosage levels of para- 
aminopropiophenone? were 8, 4, and 1.5 mg 
per animal, each administered intraperitone- 
ally in 1 ml of propylene glycol. Blood 
methemoglobin levels were determined by a 
modification of the method of Evelyn and 
Malloy, as described by Storer and Coon(3). 
All controls received equivalent amounts of 
the appropriate solvent. Animals were housed 
in individual cages and weighed daily until 
death or termination of the experiment after 
28 days. 

Results. As would be expected with an 
880 r dose in total body exposure, the ma- 
jority of deaths occurred between 6 and 14 
days. The effect of serotonin creatinine sul- 
fate on survival rate after total body x-irra- 
diation is shown in Table I. A dose level of 
4 mg/kg body weight injected 5 minutes be- 
fore exposure produced little, if any, protec- 
tion; however, 20 mg/kg administered at the 
same interval prior to exposure produced a 
striking protective effect, as indicated by a 
survival rate of 97%, as compared with 6% 
survival for the control group. 

Sodium nitrite and para-aminopropiophe- 
none (PAPP) in varying doses were used to 


¢ We are grateful to the Dow Chemical Co., Mid- 
land, Mich., for supplying us with this preparation. 
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produce different blood levels of methemo- 
globin. Table I shows the methemoglobin 
level at the beginning of the experiment and 
the average level during the irradiation 
period. With PAPP, dosage levels of 32 and 
16 mg/kg body weight produced average 
methemoglobin levels of 77 and 71% during 
the period that irradiated animals were ex- 
posed. Sixty mg/kg body weight of NaNO» 
30 minutes prior to irradiation produced an 
average methemoglobin level of 54.7% during 
the period of exposure, compared to 54.4% 
resulting from a dosage of 6 mg/kg of PAPP. 
The survival rates obtained with these doses 
of PAPP and NaNOs are also shown in 
Table I. The two higher doses of PAPP, 32 
and 16 mg/kg, gave excellent protection as 
evidenced by the 94 and 97% survival at 28 
days. NaNO», (60 mg/kg) and PAPP (6 
mg/kg) administered 30 minutes before ex- 
posure gave very nearly the same slight pro- 
tection when the 28-day survival rates were 
compared with their respective controls. One 
group injected with NaNOs (60 mg/kg) 10 
minutes before x-irradiation showed no pro- 
tective effect with an average methemoglobin 
level of 42% during the period of exposure. 
The control animals in the PAPP experiments 
received 1 ml of propylene glycol 30 minutes 
prior to exposure and the survival rate in this 
group was higher than in the untreated or 
saline treated controls. 

Discussion. The protective effect elicited 
by serotonin creatinine sulfate is assumed to 
lie in its vasoconstrictor property(2), produc- 
ing a transient tissue anoxia in a manner 
similar to that of epinephrine(1). The pos- 
sible influence of this agent on metabolism 
has not as yet been fully investigated. 

Apparently there is a correlation between 
the degree of methemoglobinemia and protec- 
tion against radiation. The protective effect 
of methemoglobinemia at certain concentra- 
tions may be due to the decreased supply of 
oxygen to the tissues, thus rendering them 
anoxic. The results with NaNO. and PAPP 
reported here agree with similar observations 
obtained with mice by Storer and Coon(3). 
The possibility that PAPP and NaNO2 may 
affect the oxygen uptake of the tissue directly 
has to be taken into consideration. Cole, 
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Bond, and Fishler(4) have reported that the 
mortality of mice receiving 600 r or 750 r 
single-dose whole body x-irradiation was re- 
duced markedly following pre-irradiation in- 
traperitoneal injection of NaNO» (100-125 
mg/kg). They discuss the possibility that 
nitrite protection is mediated via its effect on 
catalase activity. “Fhe dose level of NaNOz 
per kg employed by these authors is higher 
than that used in the present investigation. 
However, it was found that 60 mg/kg was 
very close to the lethal dose for the rats em- 
ployed. Unfortunately, the above authors did 
not carry out any methemoglobin determina- 
tions, permitting a comparison of methemo- 
globin levels with the degree of protection. 
The observation that administration of propy- 
lene glycol apparently exerts a slight protec- 
tion is in agreement with similar observations 
of Salerno, Mattis, and Friedell(5). 

The findings on the protective action of 


‘serotonin and PAPP, when administered prior 


to a lethal dose of x-irradiation, seem to sub- 
stantiate the concept of a relationship between 
tissue oxygen tension and _ radiosensitivity. 
Alterations of susceptibility to the effects of 
radiation by changing oxygen tension in the 
tissues are probably due to the reduction in 
the formation of reactive decomposition 
products of water. In such a concept, cog- 
nizance should be taken, of course, of the 
effects of those decomposition products of 
water (such as the OH radical), which are 
formed on irradiation in the absence of dis- 
solved oxygen. 

In this connection, it may be opportune to 
refer to the observations of Bennett, Chastain, 
Flint, Hansen, and Lewis(6) that life span of 
rats receiving 600-1400 r whole body roentgen 
irradiation under anoxia was considerably 
shortened. This occurred in spite of the pro- 
tection the anoxia gave against the lethal 
action of x-rays in the immediate post-irradia- 
tion period of 28 days. However, the main 
object of our investigation was to gain further 
insight into the mechanism of radiation in- 
jury and not so much to find protective means 
against radiation. 

Summary. 1. The survival rate of rats, ex- 
posed to lethal x-ray dosage, was found to be 
significantly increased after pretreatment with 


INHIBITION OF BACTERIAL HEMAGGLUTINATION 


Serotonin creatine sulfate (20 mg/kg) or 
para-aminopropiophenone (32 mg or 16 mg/ 
kg). 2. The protective effect of these agents 
is assumed to be due to their property of pro- 
ducing a temporary tissue anoxia. 


1. Gray, J..L., Moulden, E. J., Tew, J. T., and 
Jensen, H., Proc. Soc. Exp. Biot. AND Mep., 1952, 
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blat, D. L., J. Am. Chem. Soc., 1951, v73, 5514. 
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Inhibition of Bacterial (Escherichia Coli) Modification of Erythrocytes. 
(19707) 


Erwin Neter, Dorotuy A. Zax, N. Joyce ZALEWSKI, AND LEE F. BERTRAM. 


From the Departments of Bacteriology, Children’s Hospital and University of Buffalo, 
School of Medicine, Buffalo. 


It is an established fact that certain viral 
and bacterial antigens may be adsorbed on 
red blood cells; this may result in hemagglu- 
tination (direct microbial hemagglutination), 
in modification of the erythrocytes or both. 
These modified red blood cells are specifically 
agglutinated by the homologous antimicrobial 
antibody (indirect microbial hemagglutina- 
tion). It was shown recently from this lab- 
oratory(1,2) that boiled suspensions of £. coli 
serogroups 0111 and 055 as well as sterile 
broth culture filtrates are capable of modify- 
ing red blood cells from a variety of animal 
species. These modified red cells are agglu- 
tinated and, in the presence of complement, 
lysed by the group-specific E. coli antiserum. 
It was demonstrated furthermore that this 
_agglutination and hemolysis is specifically in- 
hibited by the homologous bacterial antigen. 
The experiments to be recorded in this com- 
munication revealed that certain materials in- 
hibit the modification of red blood cells by 
E. coli antigen. 

Material and methods. In addition to 
E. coli se-ogroups 055 and 0111 used in the 
previous experiments several strains of E. coli 
026 were employed, since the latter serogroup, 
too, has been found to be associated with 
epidemic diarrhea of infants(3). For the 
modification of red blood cells boiled suspen- 


sions from Kolle flasks were used, as de- 
scribed previously(2). The microorganisms 
were suspended in the materials to be tested 
for inhibitory activity, namely, serum from 
man and various animals, human plasma frac- 
tions, bovine albumin (Armour), egg white, 
egg yolk, various fractions of rat liver, and, 
for control purposes, physiological saline solu- 
tion. The human plasma fractions were ob- 
tained from Cutter Laboratories through the 
courtesy of Dr. F. F. Johnson and the rat liver 
fractions through the kindness of Dr. Charles 
U. Lowe. The mixtures were kept at room 
temperature for 15 minutes and then used for 
modification of red blood cells. The treated 
erythrocytes were washed 3 times in physio- 
logical saline solution. The hemagglutination 
and hemolysis tests were carried out as de- 
scribed in detail previously (2). 

Results. It was found that a variety of 
human and animal sera, including sera from 
healthy adults and children, human cord 
serum, calf, beef, horse, sheep, chicken, duck 
and turkey sera in dilutions of 1:10 and 1:100 
either completely or partially inhibited the 
modification of sheep red blood cells by £. coli 
026 antigen. Quantitative experiments re- 
vealed that the more concentrated the E. coli 
antigen the more serum is required to produce 
inhibition of modification of red cells. The 
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TABLE I. Hemagglutination and Hemolysis by 
E. coli 026 Antiserum of Sheep Red Blood Cells 
Modified by Boiled Z£. coli 026 Antigen. 


Titer of antiserum 
producing 


£. colt antigen Hemagglu- 
diluted in tination Hemolysis 
Saline solution 1:1600 1:12800 
Human serum (1%) —* — 
Human plasma 
fractions (.1% ) 
Albumin = — 
IL 1:1600 1:12800 
Ill 1:400 1:6400 
Il + Ill 1:400 1:6400 
IIIl-0 — 1:1600 
IlI-1 1:800 1:3200 
III -2 1:1600 1:12800 
III - 2,3 1:200 1:1600 
Iv-1 -— —_ 
IV-6 — 1:400 
IV-7 — — 
*—_— No agglutination, no hemolysis with 2. 


coli antiserum in dilutions of 1:100 and higher. 


same results were obtained in experiments in 
which £. coli 0111 and 055 and red blood cells 
of man and other animal species were em- 
ployed. Furthermore, egg yolk suspensions 
(10% to 0.01%) in physiological saline solu- 
tion had like effects. In contrast, egg white 
(in dilutions up to 10%) was essentially in- 
effective. Rat liver fractions (nucleus-free 
cytoplasm (1 ml = 0.2 g of liver), nuclei 
(1 ml = 0.5 g), mitochondria (1 ml — 0.5 
g), microsomes (1 ml = 0.5 g)), also inhib- 
ited the modification of sheep cells. 


In view of the inhibitory effects of human 
serum it was deemed of interest to determine 
the activity of various human plasma frac- 
tions. In these experiments boiled E. coli 
026 antigen (diluted 1:50) was used to yield 
approximately 2 minimal hemagglutinating 
units; the antigen was diluted in the available 
plasma fractions (0.1%), human and chicken 
sera (1%) and in physiological saline solution. 
Blood cells modified by this antigen were 
specifically agglutinated—and in the presence 
of complement lysed—by E£. coli 026 B6 anti- 
serum but not by &. coli 055 and 0111 anti- 
sera. The results are summarized in Table I. 
It can be seen that certain fractions pre- 
vented hemagglutination and hemolysis com- 
pletely, whereas others were minimally effec- 
tive or completely ineffective. Since, as 
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shown previously(2), Z. coli antiserum pro- 
duces hemolysis of sheep cells in far higher 
titers than hemagglutination, it is not surpris- 
ing to find'that some of the fractions inhib- 
ited hemagglutination to a greater extent than 
hemolysis. . Commercially available human 
gamma globulin-(up_to 10%) was found to be 
ineffective. 

This inhibitory effect takes place rapidly, 
since the inhibitor is in contact with the bac- 
terial antigen for a total of less than one hour; 
the dissolved inhibitor is removed by repeated 
washing of the red cells. Continued contact 
of the inhibiting plasma fraction IV-1 for 18 
hours at 4°C did not result in substantially 
greater inhibition than contact for less tham 
one hour. 

Regarding the heat stability of the inhib- 
itory materials the following observations: 
were made. Heating of the inhibitors in the 
concentrations used for one hour at 56°C did. 
not reduce their activity. Boiling of human 
and..animal-sera (1%) for 10 minutes im- 
paired their inhibitory activity but slightly 
and boiling for one hour only moderately. A 
substantial or complete loss of inhibitory ac- 
tivity occurred following boiling for 10 min- 
utes of human plasma fractions IV-1, IV-4, 
IV-7, and albumin as well as bovine albumin 
and egg yolk (all in 0.1% concentration). 

Since, as shown in repeated experiments, 
treatment of sheep cells with the above men- 
tioned inhibitors (human serum (1%), hu- 
man plasma fraction IV-4 (0.1%), sheep 
serum (0.1% to 10%), bovine albumin 
(0.3%), and egg yolk (0.1%)) did not inter- 
fere with their modification by subsequent 
treatment with LZ. coli antigen, the inhibitors 
must act either on the bacterial antigen itself. 
or on the process of its adsorption on red blood 
cells. Tio determine which of the two pos- 
sible modes of action actually takes place, the 
following experiments were carried out. 

A boiled suspension of E. coli 026 was 
diluted 10 fold (vol. 10 ml) in 1) bovine 
albumin (3%), 2) human plasma fraction 
IV-1 (1%), 3) normal human serum (20%), 
and 4) physiological saline solution. The sus- 
pensions were kept at room temperature for 
15 minutes. The bacteria were then washed 
3 times with physiological saline solution; 
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TABLE II. Effect of Heat on Inhibitory Effect 
of Egg Yolk on £. coli Modification of Red Blood 


Cells. 
Titer of #. coli antiserum 
producing 
Hemagglu- 
£. coli antigen in tination Hemolysis 

Saline solution 1:1600 1:25600 
Egg yolk (.1%) a 1:200 
Boiled egg yolk (.1%) 1:200 1:3200 
Egg yolk (.1%) == 1:100 


QGnixture boiled) 


= No agglutination, no hemolysis with #. coli 
antiserum in dilution of 1:100 and higher. 


separation of ibacterial cells from the sur- 
rounding fluid was accomplished by means of 
a refrigerated centrifuge (International, model 
P R-1: r.c.f. at tip of tube calibrated to be 
24,000; centrifugalization for 20 minutes). 
The sediment was suspended in 5 ml of physio- 
logical saline solution and then used for modi- 
fication of sheep red blood cells. The experi- 
ment revealed that the bacteria treated with 
the 3 inhibitors—in contrast to the untreated 
bacteria—failed to modify the red cells, as 
indicated by absent hemagglutination and 
hemolysis by £. coli antiserum. These results 
suggest that the inhibitors act directly on the 
bacterial antigen.* This conclusion is sub- 
stantiated further by the results of the follow- 
ing experiment. £. coli 026 antigen was di- 
luted in 1) physiological saline solution, 2) 
egg yolk (0.1%), 3) egg yolk (0.1%) which 
had been boiled for one hour-and 4) egg yolk 
(0.1%). All mixtures were kept at room tem- 
perature for 15 minutes. The latter mixture 
was then boiled for one hour to inactivate the 
inhibitor. The materials were used for modi- 
fication of sheep red blood cells and the modi- 
fied red cells were tested with EZ. coli 026 
antiserum. The results are summarized in 
Table If. It is evident that boiled egg yolk 
is less effective as an inhibitory agent than the 
unboiled material and that egg yolk which 
had been allowed to act on the bacterial an- 
tigen and was subsequently boiled and thus 
partially Ynactivated had produced greater in- 
hibition than was effected by boiled egg yolk. 

Discussion. Bacterial hemagglutination and 


*The inhibitors do not interfere with bacterial 
agglutination. 
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hemolysis are of considerable interest from: 
several points of view. In the first place, 
direct bacterial hemagglutination may be 
used for the differentiation of closely related 
microorganisms, for example, H. aegyptius 
and H. influenzae(4). Secondly, indirect. 
bacterial hemagglutination and hemolysis are 
useful tools for the serologist, as exemplified. 
by the Middlebrook-Dubos test for the demon- 
stration of antibodies against products of the 
tubercle bacillus(5). Thirdly, the possibility 
exists that these phenomena may take place 
in vivo and conceivably could be responsible 
for hemolytic anemia associated with bacterial. 
infections, similar to the hemolytic process. 
described to develop concomitant with certain 
viral diseases(6). The above reported ex- 
periments revealed that sera of man and 
various animals as well as certain, but not all, 
human plasma fractions inhibit the modifica- 
tion of red blood cells by Z. coli antigen. Due 
to this inhibition these erythrocytes are not 
agglutinated or lysed by the homologous. 
group-specific E. coli antiserum. Inhibition 
was also demonstrated with egg yolk and cer- 
tain fractions obtained from rat liver. It has. 
been shown furthermore that these inhibitors. 
act mainly on the bacterial antigen and not on 
the red cells. This inhibition, then, differs. 
from that due to receptor destroying enzyme 
interfering with viral hemagglutination. 

This inhibition of Z. coli modification of red. 
cells is of interest also in connection with the 
previously reported(2) fact that unheated, in 
contrast to boiled, £. coli suspensions fail to 
modify red blood cells. It is conceivable that 
inhibitor is present in the unheated bacterial 
suspension which is destroyed by heating. 
Since the B antigen of Z. coli interferes with 
bacterial O agglutination, it is possible that it 
is this antigen which also interferes with the 
modification of red ‘blood cells. When puri- 
fied B antigen becomes available, it will be of 
interest to determine its effects on E. coli 
modification of erythrocytes. The presence of 
inhibitors in various bacterial species may ac- 
count for their inability to modify red blood 
cells. Further studies on the presence of red 
blood cell modifying antigens and their in- 
hibitors in microorganisms are clearly indi- 
cated. 
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It is of interest to point out that certain 
human plasma fractions (III-0, IV-1 and al- 
bumin) which inhibit bacterial modification of 
red cells also bring forth agglutination of red 
blood cells in the presence of incomplete Rh 
antibodies(7). Whether these 2 phenomena 
have an underlying mechanism in common 
remains to be determined. 

Summary. 1. The modification of red blood 
cells by boiled suspensions of E. coli sero- 
groups 026, 055 and 0111 is inhibited by 
human and animal sera as well as by egg yolk 
and various fractions of rat liver. Certain 
human plasma fractions in concentration of 
0.1% (particularly fractions IV-1, IV-7 and 
albumin) are likewise effective, whereas others 
are not. 2. This inhibition is due largely to 
the action of the inhibitor on the bacterial 
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antigen rather than on the red blood cell. 
3. The significance of the results is discussed. 
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XYZ Effect in Strain of Origin: EO771 Carcinoma in C57 BL/6 Mice. 
(19708) 


ALBERT E. CASEY AND JOANNE GUNN. 


From the Departments of Pathology of the Baptist Hospitals and the Medical College of Alabama, 
Birmingham. 


The xyz factors(1-11) are specific agents 
present in long-frozen or lyophilized tissue or 
fresh supernatant fluid from certain malignant 
tumors which, when injected, render the 
animal hosts more susceptible to the subse- 
quent transplant of the same tumor. If the 
xyz factors are to affect the malignancy of 
spontaneous tumors in nature then it must be 
shown that each factor in transplanted tumors 
will influence the course of the same neoplasm 
in the inbred strain of origin. Prior experi- 
ments have shown that the EO771 factor 
would enhance the course of malignant disease 
in the C57 black strain(7,8) as well as in 
foreign strains of mice(5,6,11). It did not 
affect the course of transplanted tumor growth 
in C57 blacks for 3 other mammary cancers 
which arose in C57 black mice (755, 241-5, 
241-16) nor did extracts of the other 3 tumors 
affect the course of EO771 in C57 blacks 
(7,8). This seemed significant, particularly 
since the EO771 xyz factor has been demon- 
strated in some concentration in the normal 


liver and kidney of the Jackson Laboratory 
strain of C57 blacks but not in normal spleen 
(10,11). Mammary cancers 755, 241-5, 241- 
16 had been carried in the National Cancer 
Institute strain of ‘C57 blacks, and although 
the EO771 tumors used came from the Jack- 
son Laboratory the experiments were carried 
out with the Carworth Farms strain of C57 
black mice. The possibility arose that the 
diversity of C57 black strains used might have 
influenced the results. The present paper re- 
ports experiments on the effect of the EO771 
xyz factor obtained from tumors inoculated 
in the Jackson Memorial Laboratory and 
tested on C57 BL/6 mice obtained from the 
same source. 

Materials and methods. Fifty-two C57 
BL/6 mice, 3-4 months of age, were obtained 
in one batch from the Jackson Memorial Lab- 
oratory in Bar Harbor, and were caged in 8 
boxes of 6 or 7 mice in each. ‘ 

Twenty-six mice (7 males and 19 females) 
were injected subcutaneously into the left 
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TABLE I. Rapidity of Tumor Growth and Mortality from Mammary Carcinoma EO771 in 52 Cd7 
Black/6 (Jax) Mice, 26 of Which Had Been Pretreated with Frozen EO771 Tumor Tissue. 


Median 
Mice —Treatment—_, Inoc.  diam., Med. 

Exp. # (#,sex) Breed Sr* Days* Days’ source em* Died dayt Mortality days 
5069 69 BL BL - 49 32 BL? iy 6 20 14,19,19, 21,22 25 
5018 ee e 5 Veen 29) 32 f 1.9 a 18 14, 17,18, 18, 19, 25, 41 
5006 fers ; zs = = es 1.4 ih 22 20, 21, 22, 22, 24, 35, 43 
5082 6 9 Ke = == — ” 1.4 6 26 21, 23, 25, 26, 29, 42 
5075 7Q oS BL. :49 34 BL 1.5 i 22 14, 17, 20, 22, 24, 25, 28 
5089 6 9 a BLY 49 34 i 1.8 6 21 15, 20, 20, 21, 21, 21 
5095 7Q Pe — = == ze 1.3 if 23 23, 23, 23, 23, 24, 26, 36 
5102 6 Q 2 a aoe = ze 1.4 6 22 19, 20, 20, 23, 26; 30 


* Median diameter of the tumors measured in 3 dimensions at 15 days. 


+ Median day of death for the group. 
BL—C57 
BI*—C57 BL/6 (Jax) mouse; 


BL/6 (Jax) mice; Sr*—breed of mouse from which EO771 tumor was taken for freezing ; 
Days*—length of time tumor kept frozen at 0°F; Days?—interval be- 


tween inj. of frozen tumor tissue and tumor transplantation; Inoc. source—source of EO771 tumor used 
for transplantation; BL? and BL*—C57 BL/6 (Jax) mice from which EO771 tumor was taken. 


groin with 0.1 cc of a 1-3 dilution of frozen 
tumor tissue (xyz factor) in normal saline 
(Groups 5069, 5013, 5075, 5089; Table I). 
No tumors or palpable reaction occurred at 
the site of the injections. The tumor tissue 
had been stored aseptically in 50% glycerin 
in normal saline for 49 days at 0°F and had 
been taken from a C57 BL/6 mouse inoculated 
with EO771 in the inbred nucleus at the 
Jackson Laboratory (all tumors from the 
Jackson Laboratory shipped through the cour- 
tesy of Dr. George Snell). The remaining 26 
mice (7 males, 19 females) were controls, re- 
ceiving no treatment prior to transplantation 
of viable tumor (Groups 5006, 5083, 5095, 
5102). 

The 52 mice were redivided into 2 groups 
of 26 mice in each so that each new group 
contained 13 experimental and 13 control 
mice. Two C57 BL/6 mice carrying EO771 
tumor, received from the inbred nucleus at 
the Jackson Laboratory, were used for the 
subcutaneous transplantation of the 52 mice 
(Table I). The tumor tissue was prepared 
by mincing and grinding without sand with 
the addition of 3 parts of normal saline; 0.1 
ce of the emulsion was injected subcutane- 
ously into the left groin in one group and into 
the right groin in the other group. The trans- 
plants were successful and all 52 mice died 
from tumor growth with 14-42 days after in- 
oculation. Measurements were taken of the 
growth in 3 dimensions twice weekly and the 
mortality was plotted in days after the tumor 


transplantation. The “volume” of the tumor 
was calculated for each mouse at 15 days by 
using the product of the diameters in 3 di- 
mensions. (Three mice died on the 14th 
day). 

Although all 52 mice died from tumor 
growth, the 26 mice pretreated with the non- 
viable frozen tumor tissue developed tumors 
which grew more rapidly and killed sooner 
than was the case among the 26 control mice 
(Fig. 1,2). The mean volume of the primary 
tumor at 15 days was 3.26 ccm for the 26 
controls (sum X? = 428.6, var. my = 0.23) 
and 6.62 ccm for the 26 mice pretreated with 
frozen tumor tissue (sum X* = 1397.6, var. 
m, = 0.40). The difference of 3.4 + 0.8 
ccm was statistically significant (t = 4.24, 
n= 50, P = 0.001-). The mortality accord- 
ing to days after inoculation was significant. 
when calculated by the method of Shear, 
Imagawa, Syverton, and Bittner(9). When 
50% of the treated group had died only 13% 
of the controls were dead, and when 50% of 
the controls were dead 78% of the treated 
animals had succumbed. 

Discussion. Since the first paper on the 
testing of xyz factors in the inbred strain of 
origin(8) Shear, Imagawa, Syverton, and 
Bittner have demonstrated that the xyz factor 


‘present in Z (C3H mice, Bittner) tumor 8352 


is effective in influencing the course of the 
same neoplasm in the inbred strain of 
origin(9). 


Summary and conclusions. Fifty-two C57 
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FIG. 1. Days after transplantation of EO771 tumor with C57 BL/6 (Jax) mice. 
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FIG. 2. Growth of EO771 mammary carcinoma in 
52 C57 BL/6 mice, 26 of which had been pre- 
treated with non-yiable EO771 tumor tissue which 
had been kept frozen 0°F for 49 days (all 52 mice 
eventually died of the tumor). 


BL/6 mice from the Jackson Memorial Lab- 
oratory were inoculated with EO771 mam- 
mary carcinoma tissue carried in C57 black/6 
mice from the same laboratory. As expected 


all 52 died from the growth of the neoplasm. 
However, 26 of the mice which had been pre- 
treated with frozen non-viable EO771 tumor 
(xyz factor) from the Jackson Laboratory 
developed a significantly increased rate of 
tumor growth and earlier mortality than the 
26 controls not so treated. The effectiveness 
for transplanted tumors of the xyz factors in 
the inbred strain of origin, as demonstrated 
above, suggests the possibility that spon- 
taneous tumors could be enhanced in the host 
of origin by xyz factors if such were present 
in them. 
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(Introduced by E. Grunberg.) 


From the Research Laboratories,* Hoffmann-LaRoche, Inc., Nutley, N. J. 


Two essentially different chemical methods 
have been described for the determination of 
isonicotinyl hydrazine in biological fluids. 
The method of Kelly and Poet(1) is de- 
pendent on the reaction of the hydrazine por- 
tion of the drug with paradimethylaminoben- 
zaldehyde. In the procedure of Rubin e¢ al. 
(2), isonicotinyl hydrazine is decomposed 
quantitatively into isonicotinic acid and the 
latter compound is determined by a method 
employing cyanogen bromide. Since neither 
chemical assay is specific for the unaltered 
drug, it was thought that a microbiological 
method, having a somewhat higher degree of 
specificity, would be desirable. In the pres- 
ently described assay, isonicotinic acid is 
completely inactive and hydrazine has only 
1/50 the activity of isonicotinyl hydrazine. 

Experimental. Preparation of, the assay 
plates. The test organism employed is a strain 
of Mycobacterium butyricum, obtained from 
the ATCC in 1943 as their culture No. 362. 
Stock cultures of the organism are maintained 
on slants of the following composition: 


g 

Glucose 5 

Bacto peptone 5 

” yeast extract 5 

” beef G 5 
” agar 17.5 


Distilled water to make 1 liter 


The pH is adjusted to 6.8 before steriliza- 
tion. Abunaant growth is obtained after 24 
hours incubation at 37°C. Stock slants may 
be refrigerated for several months without im- 
pairing their usefulness. Inoculum for seed- 


* Contribution 318. 


ing the assay agar is prepared in a medium of 
the following composition: 


8 

Bacto casamino acids 6 
Sodium acetate 1 
Trigamine|| 45 
dl-tryptophane 20 
Magnesium sulfate hepta hydrate 10 
Dipotassium phosphate -10 
Calcium nitrate 08 
Ferric chloride, hexahydrate 1.25 mg 
Copper chloride dihydrate Me ayy EaE: 
Manganese chloride hexahydrate 05 mg 
Zine chloride 05 mg 


Glucose (added aseptically after LOSES: 
sterilization) 
Distilled water to make 900 ml 

The pH of the medium is adjusted to 6.8 
before sterilization and 18 ml amounts are 
portioned into 125 ml Erlenmeyer flasks.’ 
Sterilization is effected at 120°C for 15 min- 
utes. When cool, 2 ml of sterile 10% glucose 
solution are then added to each flask. For in- 
oculation of the liquid medium a liberal quan- 
tity (about one-fourth of a 3 mm loop full) 
of growth is removed from a stock slant and 
suspended evenly in the medium. The in- 
oculum is ready for use after 18-24 hours of 
incubation at 37°C. 

The agar used for pouring the assay plates 
has the same composition as the liquid inocu- 
lum medium except for the inclusion of 1.5% 
agar. Five ml of this medium are poured 
into Corning pressed flat-bottom culture plates 
No. 3162 and allowed to harden. Four ml of 
the same medium, seeded with 3% v/v of 
18-24 hour inoculum, are then carefully and 
evenly layered over the cooled 5 ml of un- 


|| Obtained from Glyco Products Co., Brooklyn, 
Ne Ys 
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seeded base agar. For these operations the 
plates are maintained in a perfectly level 
position and the agar is held at 48-52° for 
pouring. When the seed layer has hardened, 
the assay cups,t previously sterilized, are 
placed on the agar surface.t Gentle heating 
of the cups to permit sealing to the agar will 
be found advantageous in the handling of the 
plates(3). All cups must be heated evenly 
and uniformly, however, otherwise irregularity 
of size or distortion of inhibition zones may 
result. We have found the technic of Schmidt 
and Moyer(4) convenient and employ 5 
cups per plate, using 2 cups for a standard 
solution containing 20 y per ml and 3 cups 
for the sample. The use of 5 replicate plates 
permits an assay reproducibility of about 
+ 15% and higher precision can be obtained 
iby the use of a larger number of replicate 
plates. 

Preparation of the sample. To 10 ml of 
urine in a suitable sized test tube is added 
1 ml of concentrated hydrochloric acid. 
After thorough mixing, the tube is covered 
to reduce evaporation and held in a boiling 
water bath for 20 minutes. The sample is 
then cooled, adjusted to pH 6.5-7.5, and is 
then diluted to contain from 10 to 30 y per 
ml of drug. Equal portions of the sample 


ZONE DIAMETERS IN MILLIMETERS 


3.4665 10 


20 n HD 
GAMMA PER ML ISONICOTINYL HYDRAZIOE 


t+ Steatite cylinders, 1 mm wall thickness, 8 mm 
o.d. x 10 mm long, manufactured by Steatite Corp. 
of America, Keasby, N. J. 

+ When the quantity of the sample is limited, paper 
discs (Schleicher & Schull No. 740-E) may be used 
in place of the porcelain cups. The assay curve 
must then also be set up with paper discs to main- 
tain proportionality. 
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TABLE I. Analytical Recovery of Known Addi- 
tions of Isonicotinyl Hydrazine. 


% recovery from urine 
after addition of 


Sample 30 y 100 + 
1 _ 93 
2 124 100 
3 97 OF 
4 92 100 
5 87 91 
6 87 102 
7 77 97 
8 100 98 
9 72 88 
TABLE II. Comparison of Isonicotinyl Hydra- 


zine Values Obtained by Chemical and Microbio- 
logical Assay of Urines. 


Mg isonicotinyl hydrazine 
excreted as determined by 


— SoS EEL 
Oral dose, Microbio Chemical (5) 
Sample mg assay assay 

il 125 42 61 
2 125 68 65 
3 125 51 65 
4 190 48 58 
5 190 63 19 
6 125 50 59 
7 190 72 58 
8 190 22 48 
9 125 29 63 


are then placed in the cups for assay and the 
plates are incubated at 37°C. The inhibition 
zone diameters may be read after 18-24 hours. 
Calculation of results. The assay values are 
calculated from a standard curve set up ac- 
cording to the method of Schmidt and Moyer 
(4) with each day’s samples. A typical dose- 
response curve for the concentration range of 
5-40 y per ml is shown in Fig. 1. 
Discussion. The method described herein 
has been found useful in assaying isonicotinyl 
hydrazine in urines from human and animal 
subjects submitting to drug excretion studies. - 
As seen from Table I, most samples studied 
permit good analytical recoveries of known 
increments of isonicotinyl hydrazine. More- 
over, as shown in Table II, fair agreement is 
obtained with the cyanogen bromide method 
(2) in the assay of urines from normal sub- 
jects.’ These data were obtained on typical 


§ We are indebted to Mr. E. DeRitter and to Mr. 
L. Drekter for access to their data, obtained by the 
cyanogen bromide assay. 
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TABLE III. Effect of Hot Acid Treatment on 
Microbiological Assay of Urines. 


y/zal isonicotiny! hydrazine found 


a = 
Before treatment After treatment 


Sample 
1 48 45 
2 13 53 
3 31 44 

- 4 5 40 
5 10 21 
6 6 28 
7 11 61 
8 19 ae 
9 25 19 


24-hour pooled urine specimens, contributed 
by 9 normal human subjects who had taken 
orally 125 mg or 195 mg of isonicotinyl hy- 
drazine. The acid-heat treatment is required 
to release the maximum anti-microbial activ- 
ity from most urine specimens studied. Oc- 
casionally samples are encountered which do 
not require the acid-heat treatment, such as 
sample 1, and others are encountered (sam- 
ples 8, 9) which, even after treatment, do not 
release all the anti-microbial activity indicated 
to be present by chemical assay. These data 
may be seen from Table III. The microbio- 
logical activity of aqueous solutions of iso- 
nicotinyl hydrazine is not altered by the 
acid-heat treatment. 

Hydrazine has less than 2% the activity of 
isonicotinyl hydrazine in this assay and iso- 
nicotinic acid and isonicotinamide are com- 
pletely inactive. Combinations of hydrazine 
and isonicotinic acid have no more activity 
than that of hydrazine alone. Drug-free 
urines, when treated as in the isonicotinyl 
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hydrazine assay, have also been found to be 
completely inactive. Interference will be ob- 
served, however, if the urines contain strepto- 
mycin, dihydrostreptomycin, aureomycin, ter- 
ramycin or chloromycetin. Paraamino sali- 
cylic acid causes no interference at a concen- 
tration of 1000 y per ml and penicillin is 
without effect. 

Further studies to increase the usefulness 
of the method are in progress. 

Summary. A simple microbiological dif- 
fusion-plate assay for isonicotinyl hydrazine 
has been devised employing Mycobacterium 
butyricum ATCC No. 362 as the test organ- 
ism. The method is suitable for assaying 
urines and other aqueous solutions containing 
5 y per ml or more of the drug. The solutions 
need not be sterile. The assay may be read 
in 18-24 hours and results are reproducible to 
+ 15% or closer. Results obtained by this 
method are in fair agreement with those ob- 
tained by the cyanogen bromide chemical 
assay. 


1. Kelly, J. M., and Poet, R. B., Am. Rev. Tuberc., 
1952, v65, 484. 

2. Rubin, S. H., Drekter, L., Scheiner, J., and 
DeRitter, E., Diseases of the Chest, 1952, v21, 439. 

3. Antibiotics; Florey, Chain, Heatley, Jennings, 
Sanders, Abraham, and Florey, Oxford University 
Press, 1949, v1, ‘Chap. 3. 

4. Schmidt, W. H,, and Moyer, A. J., J. Bact, 
1944, v47, 199. 
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v79, 654. 
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Louis G. Nicke tv. (Introduced by S. Y. P’an) 
From the Biochemical Research Laboratories, Chas. Pfizer and Co., Inc., Brooklyn, N. Y. 


Preliminary experiments indicate that un- 
der appre@priate conditions antibiotics can 
stimulate the growth of plant tissues, plant 
organs and whole plants. Although the extent 
of this phenomenon is at present unknown, 
tests are under way to determine which plants 
are affected and which antibiotics are effective. 


The present communication presents evidence 
for plant growth stimulation by antibiotics 
from 3 types of experiments. 

Materials and methods. Tissue culture. 
The material used in these in vitro experi- 
ments was the virus tumor tissue from the 
root of the sorrel plant (Rumex acetosa). 
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The basal synthetic medium and the methods 
used in this type of experiment were the same 
as those previously described(1-3). Experi- 
ments were run in replicates of 5 and an 
average taken. Seed germination. The meth- 
ods used for testing the effects of antibiotics 
on the growth of germinating seeds were sim- 


ilar to that described by Allen and Skoog(4)..- 


Seeds of the desired varieties were germinated 
on moistened filter paper in covered Petri 
plates containing 6 ml of water per plate. The 
desired concentration of the compound to be 
tested was included in aqueous solution; con- 
trol plates contained only distilled water. The 
number of seeds per plate depended upon the 
size of the seed: with large seeds such as 
corn 5 seeds per plate were used, with smaller 
seeds such as sorrel 10 seeds were used. 
Germination took place at room temperature 
with the plates covered to exclude most of the 
light. Measurements were made at daily in- 
tervals after the emergence of the primary 
root. Soil studies. Greenhouse studies on 
seed germination and subsequent growth in 
soil were carried out in flats. Control flats 
were watered with tap water as the dryness 
indicated. Experimental flats were handled in 
exactly the same manner except that 5 ppm of 
the experimental antibiotic were included in 
the water. 

Earlier experiments conducted in 1948 in- 
dicated that certain antibiotics in low concen- 
trations stimulated the growth in vitro of 
virus tumor tissue from Rumex acetosa(5). 
The sterile technics employed eliminate the 
possibility that the stimulation observed is 
due to the effect of contaminating micro- 
organisms. More recently it has been shown 
that to maintain satisfactory growth of this 
tissue vit. B; must be added to the medium 
used in subculturing(6). Its absence will re- 
sult in death of the tissue after the second 
transfer. 

Results and discussion. The addition of 
certain antibiotics to the basal medium at a 
concentration of 1 to 5 ppm in the absence of 
vit. B, will allow apparently normal growth 
of the virus tumor tissue. The results of this 
type of experiment are shown in Table I. 

Germinating seeds of Agave toumeyana 
were stimulated in their growth by certain 
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TABLE I. Effect of Various Antibioties on 
Growth of Virus Tumor Tissue from Rumex 
acetosa.* 


Antibiotic added Concentration Growth value 


None (control) — 1.3 
Penicillin 10 u/ml 4 

Terramycin 5 ppm 7.2 
Streptomycin See d.3 
Thiolutin oe : 6.3 
Bacitracin ay ati 10.9 


* Experimental transfers grown in the absence 
of all vitamins for 2 weeks prior to experiment. 
Results are expressed in terms of growth value 
which is a number determined by dividing the final 
wet weight of the tissue by its initial wet weight. 


TABLE IT. Heights of Plants from Control Soil 
and Soil Treated with 5 ppm of Terramycin. 


-—— Height in inches—, 


High Low Avg 
Sorrel 
Control 8.75 2.25 5.6 
Treated 10.13 1.75 9.4 
Sweet corn 
Control 19.5 6 14 
Treated 24 9.75 17.45 


concentrations of thiolutin. The maximum 
effect was found to be at 1.0 to 5.0 ppm. The 
seeds germinated in the presence of 25 ppm 
of thiolutin had shorter roots than those 
treated with the solution containing 5 ppm, 
however, the coleoptiles were’ approximately 
the same length. In this experiment with 
thiolutin the concentrations ranged from 0.005 
to 25 ppm; both sterilized and non-sterilized 
seeds were used with the same results. 


The effects of terramycin on the germina- 
tion and subsequent growth of sorrel seeds 
were tested in soil. It was observed that a 
greater percentage of seeds appeared above 
ground earlier in the treated flats than in the 
controls. This difference became more marked 
in their subsequent development as the plants 
approached maturity. The seedlings in the 
terramycin treated flats were definitely larger 
and more vigorous than those in the untreated 
flats. In order to determine if there would be 
a difference after the plants had become 
larger, these plants were allowed to remain in 
the flats with no further treatment for 46 
days. At this time there were an equal num- 


ber of plants in both the treated and control 


flats. The treated plants had an average of 
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5.2 leaves per plant whereas the control plants 
had 4.6 leaves per plant. The height of the 
plants from the ground level was measured. 
Table II gives the height of the tallest and 
shortest plants in each group, as well as the 
average height of all plants in each group in 
inches. The total weight of plant tissue above 
ground just as removed from the control flat 
was 60.9 g and from the treated flat 81.7 g. 
It is obvious from the foregoing results that 
the stimulatory effects of terramycin upon the 
germination and subsequent growth of sorrel 
plants caused a difference which was still 
apparent after 46 days. 


A group of 49 sweet corn seeds was planted 
in each of 2 greenhouse flats: one control, one 
experimental. At the end of 4 weeks the 
plants were removed from the soil. Of the 
49 seeds in the treated flat, 20 had germinated 
and formed a plant. Of those in the control 
flat, only 12 had germinated. The height of 
each plant from ground level was measured. 
Table II gives the height of the tallest and 
shortest plant in each group, as well as the 
average height of all plants in each group in 
inches. The total weight of plant tissue above 
ground just as removed from the control flat 
was 23 g and from the treated flat 45 g. The 
combined plant tissue from each group was 
dried at 105°C to a constant weight. The 
dry weight of all plants in the control group 
was 2.4 g and in the treated group it was 5.1 g. 
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Summary. Data from 3 types of experi- 
ments have shown a stimulation of plant 
growth by antibiotics: tissue culture, standard 
laboratory seed germination, and seed ger- 
mination and subsequent growth in soil. The 
use of antibiotics in animal nutrition, particu- 
larly in the feeding of swine and poultry, is 
already prevalent. The preliminary experi- 
ments here described suggest the possibility 
that antibiotics might have a practical appli- 
cation in the stimulation of plant growth as 
well as in the control of plant diseases(7-9). 
The use of tissue culture technics should prove 
a useful tool in the study of the mechanism of 
stimulatory action by antibiotics. 
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Intracellular Distribution of Estrogen Inactivating Mechanism in Rat Liver 


and Other Tissues.* 


(19711) 


Itse L. Rrecett anp RoLAnp K. MEYER. 


From the Department of Zoology, University of Wisconsin, Madison, Wisc. 


The role of the liver in the inactivation of 
estrogens has been studied extensively for 


* This investigation was supported by research 
grants from he National Institutes of Health, Public 
Health Service and by the Research Committee of 
the Graduate School from funds supplied by the 
Wisconsin Alumni Research Foundation. 

+ Public Health Service Research Fellow of The 
National Institutes of Health. 


various species. A: comprehensive review of 
the literature was presented by Paschkis and 
Rakoff(1). - DeMeio and coworkers(2) and 
Coppedge et al.(3) demonstrated the im- 
portance of adding disphosphopyridine nucleo- 
tide (DNP) and nicotinamide when using 
male rat liver mince, as contrasted to liver 
slices, for the inactivation of alpha-estradiol. 
The object of the study here described was to 
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localize the enzyme factors concerned with the 
inactivation of natural and synthetic estrogens 
through fractionation of rat liver homogenates 
by differential centrifugation. 


Materials and methods. Female rats of the 
Holtzman-Rolfsmeyer strain, 50 days of age 
and weighing 130-140 g, were the source of 
tissues fractionated. Young adult female mice 
(Carworth Farm CF1 strain), weighing 17-22 
g, were used for estrogen assay. 

The rats were killed by cervical dislocation 
and a 10% homogenate of liver or other tissue 
prepared in 0.25 M sucrose using a cone- 
shaped glass homogenizer which was cooled 
in an ice bath. The homogenate was frac- 
tionated in the high speed attachment of an 
International refrigerated centrifuge at a 
temperature of 3-4°C essentially as described 
by Schneider(4) except that the nuclei in 
most cases were washed once only. The frac- 
tions obtained with this technic were nuclei, 
mitochondria, microsomes and supernatant. 


Aqueous solutions of the hormones were 
prepared in phosphate-saline buffer according 
to Lehninger and Scott(5) except for the 
omission of glucose. The hormones tested 
were estradiol-17 8 (International hormones), 
estrone (International hormones), and di- 
ethylstilbestrol (The Matheson Co.). The 
riboflavin-5'-phosphate (monosodium _ salt) 
was from Hoffmann-LaRoche, Inc. 

The in vitro inactivation? of the hormones 
was carried out in 20 cc test tubes as follows: 
To each tube was added the hormone solution 
(pH 7.25) containing 3.75 yg of estradiol, 
4.7 wg of estrone or 4 pg of diethylstilbestrol, 
and enough phosphate-saline buffer (pH 7.25) 
to give a final volume of 6 cc per tube after 
addition of nicotinamide, DPN and tissue. 
Just prior to incubation nicotinamide and 
DPN were introduced to give final concentra- 
tions of 0.05 M and 0.0005 M, respectively, 
and the homogenate or fraction(s) of liver or 
other tissues tested was added. The quantity 
of tissue used is expressed as milligrams- 
equivalent (mg.eq) which denotes the weight 
of original fresh tissue from which the fraction 


t “Inactivation” as used in this paper refers to 
loss of biological activity of the hormone as measured 
by its effect on the uteri of ovariectomized mice. 
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was obtained. The tubes were incubated for 
2 hours at 38°C and then heated for 10 min- 
utes on a boiling water bath to Dien: further 
enzymatic activity. 

‘The estrogenic activity was determined by 
the uterine weight method using mice ovariec- 
tomized 10 to 14 days prior to injection. Four 


_mice-were used per ‘dose, each mouse receiving 


0.1 cc of the incubation mixture subcutane- 
ously twice daily for 3 days. The incubation 
mixture was injected without extraction or 
other treatment. The mice were autopsied 72 
hours after the first injection, any fluid ex- 
pressed from the uteri, and uterine and body 
weights recorded. 


Each incubation mixture had a volume of 
6 cc and the quantity injected per assay mouse 
was 0.6 cc. Thus each mouse received 1/10 
of the incubation mixture including the 
residuum from 0.375 pg estradiol, 0.47 pg 
estrone or 0.4 vg diethylstilbestrol. 


As standard procedure each experiment 
contained 2 controls. The first consisted of 
all the components except tissue and was, 
therefore, a measure of the sensitivity of the 
assay mice. The second control used each 
time contained 30 mg.eq. of liver homogenate 
per tube in addition to the components of the 
first control. The results obtained with this 
control measured the estrogen inactivating 
capacity of the liver of the particular rat 
whose tissues and tissue fractions were being 
tested. 


In earlier experiments a comparison was 
made between the first control and one to 
which previously boiled homogenate was also 
added. With estradiol, the uterine weights 
obtained in both were quite comparable. 
With diethylstilbestrol, however, this is not 
the case as will be described later. Therefore, 
the non-tissue control was selected for these 
experiments. 

The uterine weights of both controls varied 
somewhat from experiment to experiment. 
The results obtained are given both in abso- 
lute (uterine weight) and in srelative terms 
(degree of inactivation). 

Results and discussion. The results ob- 
tained with estradiol are summarized in Table 


I, with estrone in Table II and with diethyl- 
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TABLE I. Inactivation of Estradiol by Homogenates and Fractions of Rat Liver and Other 


Tissues. 
Relative degree 
Amt/mouse, Mean uterine of inactivation, 
Fraction* mg.eq.t No.exp. wt, mg (range) % (range) 
Estradiol alone 375 wg 12 106 (86-133) 0 
Hom 3 12 39 (25-57) 100 
Hom 6 6 41 (33-51) 94 (78-113) 
Hom 15 1 80 38 
Boiled Hom 3 2 94 (91-96) 2 (-11-15) 
N 6 il 102 9 
N 12 2 78 (67-85) 12 (7-16) 
Mt 12 2 88 (85-91) 25 (-3-61) 
Mt 20 2 88 (838-94) 10 (6-15) 
Me 12 8 88 (65-114) 27 (-3-48) 
iS) 8 2 74 (62-85) 18 (15-21) 
Ss 12,14 2 86 (75-98) 40 (36-43) 
Mt6and8S 6 1 89 -8 
Mti12-” § 8 2 83 (63-103) 37 (31-43) 
McG. 28 6 5 52 (31-78) 93 (66-114) 
Mel12” § 8 9 33 (17-55) 109 (93-122) 
Mc 12” RMP 4.5 ug 3 49 (36-56) 86 (81-91) 
Mc 12” RMP. 9 pe 1 41 109 
RMP 9 ug 2 74 (71-76) 12 (-5-28) 
K—Hom 3 1 103 —25 
K-Me 12 and K-S 8 1 90 —4 
K-Mc 12 ” LS 8 1 91 —5 
L-Mc 12 ” K-S 8 i 18 112 
SG—Hom 3 1 81 23 
SG—Me 12 and SG-S 8 aL 84 20 
SG-Mc12 ” LS 8 1 76 30 
L-Mcl12 ” SG-S 8 1 37 85 


* Hom = homogenate; N — nuclei; 


Mt = mitochondria; 


Me = microsomes ; = super- 


natant; RMP = riboflavin monophosphate; K = kidney; SG = salivary glands; L— liver. 
+ mg.eq. denotes the wt of original fresh tissue from which the fraction was obtained. 


TABLE II. Inactivation of Estrone by Homogenates and Fractions of Rat Liver. 


Relative degree 


Amt/mouse, Mean uterine of inactivation, 
Fraction* mg.eq.t No.exp. wt, mg (range) % (range) 
Estrone alone AT ug 4 102 (74-112) 0 
Hom 3 4 40 (22-50) 100 
Hom 6 2 46 (39-52) 95 (93-96) 
Ny) 12 2 73 (71-75) 2 (-2-5) 
Mt 20 2 102 (88-117) 13 (-13-39) 
Me 6 1 103 16 
Me 20 2 95 (89-101) 26 (18-34) 
iS) 12,20 2 102 (101-102) 15 (13-17) 
Mt 12and8 12 2 96 (89-103) 24 (9-39) 
Mei6 eee oS 6 2 52 (42-61) 97 (81-113) 
1 RG 2 ada 12 3 37 (25-49) 108 (95-125) 


* Hom = homogenate; N — nuclei; 


natant. 


Mt = mitochondria; 


Me = microsomes; S = super- 


+ mg.eq. denotes the wt of original fresh tissue from which the fraction was obtained. 


stilbestrol in Table III. All results are ex- 
pressed inserms of hormone and tissue ad- 
ministered per mouse, but the amounts incu- 
bated in vitro in each case were 10 times this 
quantity, as indicated above. 

The relative degree of inactivation was 
computed separately for each experiment. 


The mean uterine weight obtained with the 
incubation mixture containing estrogen but no 
tissue was designated as 0% inactivation. The 
mean uterine weight obtained on incubating 
the estrogen with 3 mg.eq. of liver homogenate 
was arbitrarily designated as 100% inactiva- 
tion. All other uterine weights obtained in a 
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TABLE III. Inactivation of Diethylstilbestrol by Homogenates and Fractions of Rat Liver 
and Other Tissues. 


Relative degree 


Amt/mouse, Mean uterine of inactivation, 
Fraction* mg.eq.t No.exp. wt, mg (range) % (vange) 
Dieth. alone 4 ug 10 85 (63-114) 0 
Hom 3 10 22 (17-28) 100 
Hom 6 1 22 103 
Hom 15 1 18S) 106 
N 6 a5 48 41 
Mt 6 1 52 32 
Mt 12 3 70 (62-90) 26 (13-39) 
Me 6 2 57 (52-62) 42 (32-52) 
Me 12 + 41 (27-68) 76 (51-93) 
S 3 3 35 (32-38) 83 (77-88) 
S) 6 5 27 (24-34) 92 (67-99) 
Ss 12 3 25 (20-30) 98 (93-106) 
Me 6and$S 6 4 25 (20-27) 100 (97-107) 
Me 12 -”S 12 3 26 (24-28) 97 (95-100) 
RMP 4.5 ug 2 21 (19-24) 104 (96-110) 
RMP 9 ug 5 24 (20-28) 96 (86-107) 
K-Hom 3 il 92 13 
K-Me 6 1 109 -8 
K-S 6 i 104 —2 
Boiled L-Hom 6 5 25 (19-39) 86 (62-98) 
7 oe aN 6 1 33 69 
” L-Me 6 1 48 40 
2 es 6 2 74 (74-74) —20 (-30—-9) 


* Hom — homogenate; N—nuelei; Mt= mitochondria; Me — microsomes; S = super- 
natant; RMP — riboflavin monophosphate; K = kidney; L = liver. : 
+ mg.eq. denotes the wt of original fresh tissue from which the fraction was obtained. 


given experiment were expressed in terms of 
the control figures for that experiment. Most 
of these weights ranged between the uterine 
weight representing O and that. representing 
100% inactivation. Values less than zero 
mean that the uteri showed greater stimulation 
than was produced with estrogen alone. 
Values above 100 indicate that the inactiva- 
tion was greater than that obtained when the 
estrogen was incubated with 3 mg.eq. of 
homogenate. 


The formula used for each experiment to 


Gx 
calculate the degree of inactivation is 


C,;—C2 
where C, is the mean uterine weight obtained 
with hormone alone, Cs the mean uterine 
weight with 3 mg.eq. of liver homogenate, and 
X the mean uterine weight of each of the 
other experimental groups tested against the 
above controls. One of the experiments in- 
cluded in Table I is listed below with its con- 
trols to illustrate the method used (the abbre- 
viations are explained at the bottom of 
Table I): 


Relative degree 


Amt/mouse, Mean uter- of inactivation, 

Fraction mg.eq. ine wt, mg % 
Hstradiol alone (C,) 375 pg 89 0 
Hom. (Cg) 28 100 
Me 12 81 13 
Mt 12 91 —3 
Me 12 and 8 8 23 108 
Mtl1l2and8 8 63 43 
Me 12 and RMP 4.5 ug 36 87 


Maximum inactivation of estradiol and 
estrone by liver homogenate occurred when 3 
mg.eq. was used. At this concentration of 


tissue some activity remained as indicated by 
a uterine weight of 40 mg compared with 24 
mg for ovariectomized controls. Six mg.eq. 
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of homogenate caused slightly less inactiva- 
tion and in one experiment with estradiol 15 
mg.eq. of homogenate gave only 38% as much 
inactivation as 3 mg.eq. This is in agreement 
with the finding of Segaloff(6) that with in- 
creasing amounts of liver and a standard 
amount of estradiol increasing instead of de- 
creasing amounts of recoverable estrogenic 
activity are obtained. This inverse relation- 
. ship did not obtain with the liver fractions 
since values above 100% were obtained in 
some instances with 12 mg.eq. The inactiva- 
tion of diethylstilbestrol showed no decrease 
whether 3, 6, or 15 mg.eq. of homogenate was 
used. 

Three mg.eq. of liver homogenate reduced 
the biological activity of 0.375 pg of estradiol 
as shown by the reduction in uterine weights 
from 106 mg to 39 mg (Table 1). None of 
the 4 liver fractions (nuclei, mitochondria, 
microsomes and supernatant) produced a com- 
parable reduction in activity when used alone 
in concentrations up to 20 mg.eq. On re- 
combining various fractions it was found that 
microsomes and supernatant gave inactivation 
equivalent to that produced by homogenate. 
With a combination of 6 mg.eq. of each, the 
inactivation of estradiol was 93% of that ob- 
tained with homogenate, and 12 mg.eq. of 
microsomes and 8 of supernatant gave 109% 
inactivation. 

The factor in the microsome fraction was 
found to be heat-labile, that in the supernatant 
relatively heat-stable(7). This suggests that 
the enzyme(s) is associated with the micro- 
somes and the cofactor(s) with the super- 
natant. 

The supernatant can be replaced by ribo- 
flavin monophosphate (RMP). With 12 
mg.eq. of microsomes, 4.5 ng of RMP caused 
86% inactivation of estradiol and 9 yg of 
RMP 109% inactivation. This finding may 
be of interest in view of the deleterious effect 
of dietary deficiencies on the 7m vivo estrogen 
inactivating mechanism, reported variously 
as caused hv vit. B deficiency(8,9) or inani- 
tion(10,11). Further work on this aspect is 
needed. 

Rat kidney and salivary gland were frac- 
tionated and tested to determine. whether the 
inactivating capacity was specific for liver 
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fractions. Neither the homogenate nor the 
combined microsome-supernatant fractions of 
kidney or salivary gland inactivated estradiol 
significantly. When liver supernatant was 
added to the microsomes of either kidney or 
salivary gland, there was also no significant 
reduction in activity. However, the addition 
of kidney or salivary gland supernatant to 
liver microsomes gave results comparable to 
those obtained with the 2 liver fractions. This 
indicates that the estradiol-inactivating en- 
zyme(s) found in the liver microsomes is ab- 
sent in the comparable fraction of the other 
tissues tested. The necessary cofactor(s), 
however, seems to be more generally distrib- 
uted since the supernatant of kidney or 
salivary gland could be substituted for liver 
supernatant. The properties of the super- 
natant are being investigated further at the 
present time. 

Table II summarizes the results obtained 
when various liver fractions were incubated 
with estrone. As with estradiol none of the 
4 fractions was as effective as homogenate in 
reducing the biological activity of estrone. 
When the microsomes and supernatant were 
combined, 97% inactivation occurred with 6 
mg.eq. and 108% with 12 mg.eq. 

In most of the experiments with estradiol 
and estrone the nuclear and microsome frac- 
tions were washed only once. In some of these 
the inactivation obtained was appreciable al- 
though still well below that produced by the 
combined microsome-supernatant fractions. A 
comparison was therefore made of the various. 
fractions before and after one and two wash- 
ings. In each case the washings removed most. 
of the inactivating capacity and the washed 
microsomes were still as effective as the un- 
washed fraction when combined with the 
supernatant. 

The ability of homogenate and various 
fractions to inactivate diethylstilbestrol is 
summarized in Table III. Three mg.eq. of 
liver homogenate completely inactivated 0.4 
pg diethylstilbestrol. This quantity of 
homogenate was more effective with diethyl- 
stilbestroi than with the natural estrogens. A 
possible explanation is that the conversion 
products of estradiol and estrone retain some 
estrogenic activity following incubation with 
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liver(12), whereas those of diethylstilbestrol 
appear to be inactive(13). 

Liver supernatant inactivated 83%, 92% 
and 98% of the diethylstilbestrol at concen- 
trations of 3, 6 and 12 mg.eq., respectively. 
The addition of microsomes had almost no 
effect in contrast to the results obtained with 
the natural estrogens. 3 

The value of 76% obtained with 12 mg.eq. 
of microsomes was possibly due in part to in- 
complete removal of supernatant from the sub- 
microscopic particles inasmuch as this fraction 
had not been washed in these partioular ex- 
periments. A non-enzymatic factor may also 
be involved and will be discussed later. 

When kidney tissue was incubated with di- 
ethylstilbestrol, none of the fractions tested 
inactivated the hormone. Thus in the inactiv- 
ation of diethylstilbestrol the supernatant 
fraction is the only one which is necessary 
and apparently must ‘be from the liver. How- 
ever, with estradiol the microsomes must be 
from the liver but the supernatant can be from 
other tissues. Other differences between the 
inactivating mechanisms for these 2 estrogens 
are being studied further, including require- 
ment for DPN, heat lability, etc. 

Four and one-half or 9 »g of RMP inactiv- 
ated diethylstilbestrol in the absence of any 
tissue. Thus RMP is able to replace liver 
supernatant in inactivating estradiol and di- 
ethylstilbestrol, in the latter case acting alone 
(a non-enzymatic reaction), in the former in 
conjunction with microsomes. 

Incubation of boiled liver homogenate with 
diethylstilbestrol resulted in the loss of 86% 
of the estrogenic activity, which indicates that 
a non-enzymatic mechanism in the liver can 
also inactivate diethylstilbestrol. Boiled nu- 
clei and boiled microsomes destroyed 69% 
and 40% respectively of the activity. It is 
quite possible, therefore, that the relatively 
high values reported in Table III for the un- 
boiled nuclear and microsome fractions are 
due mainly to a non-enzymatic mechanism. 
The inactivation of diethylstilbestrol by super- 
natant appears to be enzymatic, however, since 
this fraction after being boiled completely 
loses its effectiveness. 

Summary. Rat liver homogenate was sep- 
arated into nuclei, mitochondria, microsomes 
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and supernatant fractions by differential cen- 
trifugation. The homogenate, the fractions 
and combinations of fractions were studied 
for their ability to decrease the activity of 
estradiol, estrone or diethylstilbestrol when 
incubated at 38°C for 2 hours in the presence 
of DPN and _ nicotinamide. The uteri of 
ovariectomized mice were used to determine 
the amount of biological activity remaining. 

No single fraction decreased the activity of . 
estradiol markedly. The microsomes and 
supernatant, when recombined, were compara- 
ble to homogenate in inactivating this hor- 
mone. 

Though the homogenate of kidney or 
salivary glands was inert in this respect, the 
supernatant of either tissue when combined 
with liver microsomes effectively inactivated 
estradiol. The supernatant could also be re- 
placed by riboflavin monophosphate (RMP). 
The microsomes of kidney or of salivary 
glands when used with liver supernatant failed 
to inactivate estradiol. The inactivation of 
estrone occurred with the same liver fractions 
necessary for estradiol: microsomes and super- 
natant. No appreciable inactivation occurred 
with any single fraction. For the in vitro 
inactivation of diethylstilbestrol, liver super- 
natant alone was almost as effective as homo- 
genate. Kidney supernatant was ineffective. 
RMP alone, in the absence of any tissue, de- 
stroyed the estrogenic activity of diethylstil- 
bestrol. A non-enzymatic inactivation of this 
hormone by liver tissue was also indicated. 
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Effect of Cystine and Methionine on Healing of Experimental Wounds.* 
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In previous reports(1,2), the more rapid 
rate of healing of experimental wounds in 
animals fed a high protein diet as compared 
to those on a lower protein diet was shown to 
be due to the greater intake and retention of 
protein sulfur. It was also shown that meth- 
ionine could serve as the source of protein 
sulfur. This explained earlier work which had 
indicated that methionine increased the rate 
of healing(3-5). Other essential amino acids 
(6,7) were found to have no effect on the 
healing index, a numerical measure of a func- 
tion which is proportional to the rate of 
healing. 

Methionine may have 2 possible roles, in- 
volving its sulfur atom, which might affect the 
healing index. First, it might be required di- 
rectly in the healing processes for such re- 
actions as protein synthesis. Secondly, meth- 
ionine might serve as a precursor for some 
other sulfur-containing compound required 
during healing. Although these alternatives 
need not necessarily be mutually exclusive, it 
is not unreasonable to presume that one func- 
tion will be more important than the other. 

In the present paper, it is shown that the 
healing index can be affected by cystine to the 
same extent as by an equivalent amount of 
methionine, on the basis of sulfur. 

Experimental, ‘The experiments to be de- 
scribed were carried out in a similar manner 
to those previously reported(1,2). In each 
experiment, 3 groups of 24 female albino rats 
(200 + 20 g) were maintained on a basal diet 
for 5 days prior to wounding. The basal diet 


* This work was done under contract with the 
U.S. Navy, Office of Naval Research. 


consisted of 6 g casein, 10 g lard, 2 g corn 
oil, 5 g salt mixture(8), 77 g sucrose, 1500 
LU. vit. A,t 210 1.U. vit. D,t 1 mg thiamine 
HCl, 1 mg riboflavin, 1 mg pyridoxine HCl, 
15 mg nicotinic acid amide, 4 mg calcium 
pantothenate, 0.5 mg 2-methyl naphtho- 
quinone, 5 mg inositol, and 25 mg choline 
chloride. This diet would permit only a small 
amount of protein accretion in normal un- 
wounded animals (as measured by nitrogen 
excretion and increase in body weight). On 
the day of wounding, the animals were trans- 
ferred to the experimental diets. All the ani- 
mals were given the same weighed amount of 
diet daily, in quantities which would be com- 
pletely consumed. Distilled water was per- 
mitted ad libitum. 

Standard experimental wounds were made 
on the back of the neck of the rats as pre- 
viously described(1). At approximately 
weekly intervals, 1/3 of the animals in each 
group were sacrificed and the tensile strength 
of a number of 0.5 cm sections of the healing 
wound were measured(1,9). The relationship 
of tensile strength to time results in a curve 
which may be considered to be essentially a 
straight line. This line can be represented by 
the equation T = kt + C, where T is the 
tensile strength in grams, and t, the time in 
days. Cis aconstant. The slope of this line 
(K) is the healing index, and may be com- 
puted from the equation: 


where 7; is the tensile strength at time ty, 
and T» is the tensile strength at time to. K 


+ From oleum percomorphum. 
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TABLE I. Effect of Experimental Wounds on the Sulfur and Nitrogen Balances. 
Exp. I. 
—— Nitrogen -— Sulfur a 
ro 3 on on g 
a Bay Es a pb, o0 S bw = =| 
= Saw BOD on os ipa oes ee n> 
aes vs Vo Ww ect staal ae San hae ow na i=) 
= aS oe MSH HEE Sg ae aie ae pr 
oa aR = Bit ge ets coe. Teg! aga nt io te aa 
£5 22 SES B02) BS | eee a a Be «eg 
iA yor 4 2 Zp mete, 4A irs rE tS 
I 6 Alanine 910 48 64.8 6.9 3.4.4) 1.53 10% 40 
Il 6 Methionine 910 248 64.8 22.1 UY fSth 4.15 2.68 50 
Til 6 Cystine 64.8 22.1 Mie, 4.22 2.64 51 


910 248 


has the dimension of a rate term which de- 
scribes a function of the rate of healing. 

Urine samples were collected daily before 
and after the time of wounding. The urine 
was stored under toluene at 5°C until analyses 
were run. The urine was analyzed for total 
nitrogen (microkjeldahl) and sulfur(10,11). 

Results and discussion. The nitrogen and 
sulfur sources of the diet fed the wounded ani- 
mals used in Exp. 1 are described in Table I. 
The healing indices for these animals were 
calculated from the tensile strength data 
plotted in Fig. 1. It can be seen that the rates 
of healing in the animals receiving the meth- 
ionine and cystine supplements (K = 50 and 
51) are significantly greater than that of the 
control group (K = 40). It should be noted 
particularly that equivalent amounts of cys- 
tine and methionine (on the basis of sulfur) 
have the same effect on the healing index. A 
repetition of this experiment gave identical 
results. 

A correlation between the sulfur retention 
and the healing index was observed here, as in 
previously reported work(1,2). It would be 
expected that the retention of sulfur should 
be proportional to the retention of nitrogen, in 
a ratio similar to that found in the animal. 
In the rat, the nitrogen:sulfur ratio is approxi- 
mately 15:1. After wounding, there appears 
to be a greater retention of sulfur than might 
be expected from the amount of nitrogen 
which is retained. This “excess sulfur” also 
appears to be correlated with the healing 
index. The data supporting this correlation 
are shown in Table I. 

Whether the results noted above were due 
to the direct action of the cystine supplement, 
or to the effect of the cystine in sparing the 
methionine available from the casein in the 


diet, remained to be determined. Therefore, 
an experiment similar to the previous one was 
carried out, except that the casein was omitted 
from the diet fed the wounded animals. The 
control group of animals received a diet con- 
taining no sulfur amino acids and 44 mg of 
amino acid nitrogen per 100 g diet, in the 
form of alanine. The cystine and methionine 
supplemented diets contained 100 mg of amino 
acid sulfur and 44 mg of nitrogen per 100 g 
of diet. The curves of tensile strength against 
time obtained in this experiment are plotted 
in Fig. 2. 

Here again, the effect of cystine and meth- 
ionine on the dealing index can be seen to be 
essentially the same (K = 36 and 34) and 
significantly greater than that found in the 
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FIG. 1. Tensile strength of healing wounds in rats 
on a 6% casein diet plotted against time. Curve A 
(Group I), alanine supplement, healing index (K) 
= 40; Curve B (Group II), methionine supple- 
ment, (AK) =50; Curve C (Group III), cystine 
supplement, (AK) —51. The significance between 
mean values of tensile strength for Groups I and 
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FIG. 2. Tensile strength of healing wounds in rats 
on a non-protein diet plotted against time. Curve 
A (Group I), alanine supplement, healing index 
(K) = 24; Curve B (Group IIL), methionine sup- 
plement, A = 34; Curve C (Group II), cystine 
supplement, K = 36. Significance between mean 
values of tensile strength for Groups I and II is 
Sep = <0 


controls (K = 24). Since the conversion of 
methionine to cystine is irreversible in vivo 
(12,13), it must be concluded that the meth- 
jonine in the diet is first converted to cystine 
before it becomes available for the healing 
processes. It then appears that cystine is the 
limiting factor affecting the healing index, and 
that methionine serves primarily as a source of 
cystine sulfur. Of course, cystine, as such, 
may not be required by the healing wound. 
It may be that cystine is itself merely a pre- 
cursor of the sulfur containing substance util- 
ized during healing. The correlations be- 
tween the healing indices, the sulfur balances 
and the “excess sulfur” values for this ex- 
periment are shown in Table II. 

Further work has indicated that methionine, 
per se, is required to some extent during 
wound healing, over and above that which 
may be converted to cystine. When rats were 
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fed a 5% casein diet, supplemented with 100 
mg of ethionine sulfur and 100 mg of either 
cystine or methionine sulfur per 100 g diet, a 
lower healing index was observed than in the 
control animals, who received no sulfur amino 
acid supplement. A comparison of the tensile 
strength data for this experiment is shown in 
Fig. 3. These data may be interpreted to 
mean that the ethionine is interfering with the 
utilization of both the cystine and the 
methionine. 

Ethionine is known to block the conversion 
of methionine to cystine as well as the incor- 
poration of methionine into protein(14,15). 
The latter effect results in a decreased rate 
of protein synthesis. In Group II (meth- 
ionine supplement), the low healing index 
may be considered to be due to the lack of 
cystine resulting from the interference with 
methionine conversion. However, in spite of 
the relatively large amounts of cystine avail- 
able to the animals in Group III, a low 
healing index was still observed. In this case, 
it seems probable that the ethionine interfered 
with the utilization of methionine for purposes 
other than cystine formation, so that the cys- 
tine requirement was no longer the limiting 
factor in the healing process. It must then be 
concluded that methionine is also required for 
wound healing. It is not unlikely that the 
methionine requirement during wound healing 
is needed primarily for protein synthesis, 
whereas, the cystine required may be used, to 
some extent, for reactions other than protein 
synthesis. 

In the experiment where the diet fed to the 
wounded rats contained no protein, the meth- 
ionine required for healing by the control 
animals and by those receiving the cystine 
supplement must have originated in the tissue 
protein. It would then be reasonable to think 
that the methionine requirement must be 


TABLE II. Effect of Experimental Wounds on Nitrogen and Sulfur Balances. 


Exp. II. 
+ Nitrogen : ~~ = Sulfur 
Group Avg daily Avgdailyre- Avgdaily Avgdailyre- Avg ‘‘excess Healing 
No. intake, mg tention, mg intake, mg tention, mg sulfur,’’ mg index 
I 3.1 —40.1 pra) —2.06 -60 24 
II Bek 35.9 7 1 1.39 34 
Tit 3.1 —35.6 if 1.04 ILS) 36 
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FIG. 3. Tensile strength of healing wounds in rats 
on a 5% casein diet plotted against time. Curve A 
(Group I), alanine supplement, healing index (K) 
= 31; Curve B (Group IT), ethionine and methio- 
nine supplement, K = 21; Curve C (Group III), 
ethionine and cystine supplement, K = 21. Signifi- 
cance between mean values of tensile strength for 
Groups I and II is ‘‘p’’=.01. 


relatively small as compared to the cystine 
requirement. 

Summary. The effect of methionine and 
cystine on the healing index of standard ex- 
perimental wounds in rats was determined. 
Since both amino-acids have the same effect, 
per equivalent of sulfur, it is concluded that 
methionine is converted to cystine before be- 
ing used in the healing process. When the 
utilization of methionine is blocked by eth- 
ionine, cystine is ineffective, indicating that 
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some methionine, per se, is required for the 
healing of wounds. There appears to be a 
correlation between the healing index and the 
retention of amino acid sulfur in excess of 
that expected on the basis of nitrogen 
retention. 
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Effects of Auxotrophic Mutations on the Adaptation to Inositol Degradation 


in Aerobacter Aerogenes.* (19713) 


Daizo Usutpat AND Borts MacasaAnik. (Introduced by J. Howard Mueller) 
From the Department of Bacteriology and Immunology, Harvard Medical School, Boston, Mass. 


Enzymatic adaptation and cell division in 
microorganisms are closely allied. Both pro- 
cesses are inhibited by the same agents, and 
in many instances only dividing cells are 
capable of adaptation. When adaptation can 


* Supported by the William F. Milton Fund. 
+ Present address: Department of Bacteriology, 
Keio Medical School, Tokyo, Japan. 


occur in the absence of a source of exogenous 
nitrogen, lower levels of adaptive enzymes 
are attained than in media capable of sup- 
porting. growth(1). It has been postulated 
that in resting cells an interconversion of en- 
zymes is responsible for adaptation(1). On 
the other hand, very recently, evidence has 


- been presented that resting yeast cells contain 
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a pool of free amino acids and that adaptation 
can be prevented by amino acid analogues, 
suggesting synthesis of adaptive enzymes from 
a reserve of simple nitrogen compounds(2). 
In addition, the ribonucleic acids of the cell 
may be involved in adaptation. 

The present paper reports preliminary re- 
sults of an attempt to elucidate some of the 
phases of the mechanism of enzymatic adapta- 
tion with the use of amino acid, purine and 
pyrimidine-deficient mutants. 

Previous studies in this laboratory have 
shown that the ability of capsulated strains of 
Aerobacter aerogenes to grow on myo-inositol 
as the only source of carbon is due to the for- 
mation of adaptive enzymes. Resting cell sus- 
pensions of this organism can adapt to the 
oxidation of inositol in 30-60 minutes(3). 
The adaptation seems to involve the synthesis 
of several enzymes, acting on a series of com- 
pounds intermediate in the degradation of 
myo-inositol(3,4). The inositol system was 
used in the present study, in the hope that 
the results would contribute to the under- 
standing of enzymatic adaptation in general, 
as well as to the specific problem of inositol 
metabolism. 

Materials and methods. Myo-inositol (for- 
merly called meso-inositol or i-inositol) was 
obtained from the Corn Products Refining 
Co. D,L-tryptophane, and L-histidine were 
Merck preparations. D,L-leucine was a prod- 
uct of Hoffmann-LaRoche,. and guanine and 
uracil, products of the Nutritional Biochemi- 
cals Corporation. The purity of these com- 
pounds was checked by paper chromatography 
and ultraviolet spectroscopy. 

The salt base used in the growth experi- 
ments and as suspending medium in the mano- 
metric experiments consisted of NasHPO, 
0.54%, KH2POs, 1.26%, MgSO,* 7H2O 
0.02%, CaCl, 0.001%, pH 6.5. 

Aerobacter aerogenes 1033, a capsulated 
strain, giving the characteristic biochemical re- 
actions of this group was originally isolated 
from a patient at Boston City Hospital. It 
has been tsed in biochemical studies of inosi- 
tol and glycerol metabolism in this labora- 
tory(4,5). The amino acid-deficient mutants 
were obtained after ultraviolet irradiation by 
the penicillin selection method of Davis(6).? 
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TABLE I. Growth Requirements of Mutants. 


Level for maximal 
growth on 


Strain Requirement glucose (ug/ml) 
44 Tryptophane 20 
50 Histidine 20 
54 Leucine 90 
P-12 Uracil 20 
P-14 Guanine 20 


The purine and pyrimidine-deficient mutants 
were prepared by an analogous procedure: a 
suspension of cells of strain 1033 was irradi- 
ated by an ultraviolet lamp, adjusted to kill 
99.9% of the cells. The survivors were cul- 
tured in a medium enriched with beef heart 
infusion at 37°C overnight. Several dilutions 
of the centrifuged cells were then inoculated 
into minimal broth containing 1,500 units of 
penicillin per ml, and incubated at 37°C for 
5 hours. 

Two series of minimal agar plates contain- 
ing mixtures of purines and pyrimidines and 
their ribonucleosides and nucleotides at levels 
of 8 wg and 0.8 pg per ml were inoculated with 
0.1 ml volumes of the penicillin broths. After 
48 hours of incubation small colonies were 
picked and their requirements determined on 
agar plates and in liquid cultures. Five mu- 
tants were isolated in one irradiation experi- 
ment. 


The minimal level of growth factor ré- 
quired for maximal growth was determined 
by shaking the cultures consisting of 50 ml of 
salt base, containing 0.2%. glucose, 0.2% 
ammonium sulfate, and graded amounts of 
the growth factors, on a Camp type shaker 
for 16-18 hours at 37°C. ‘The turbidity of 
the cultures was measured, after appropriate 
dilution, at 590 mp in a Coleman spectro- 
photometer, Model 11. The same maximal 
turbidity was obtained by mutants and wild 
strain. 

The growth requirements of the mutants 
and the amount of enrichment needed for 
maximal growth under these conditions are 
summarized in Table I. The amino acid- 
deficient mutants had requirements that could 
not be replaced by other amino acids; the 


t+ We are indebted to Marcus S. Brooke for the 
preparation of these mutants. 
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purine and the pyrimidine mutants were less 
exacting: Strain P-12 which was found to ex- 
crete orotic acid, could utilize uracil, cytosine, 
their nucleosides and nucleotides, and thy- 
mine, although growth on the latter was very 
slow. Strain P-14 could grow on guanine, 
guanosine and guanylic acid, but not on 
adenine and its derivatives. All strains were 
maintained by weekly transfers on agar en- 
riched with tryptic digest (amino  acid- 
deficient mutants) or with beef heart infusion 
(purine-pyrimidine-deficient mutants). 

The rates of growth of the mutant strains 
on glucose and on myo-inositol were deter- 
mined in cultures consisting of 50 ml of salt 
base containing 0.2% of the carbon source, 
0.2% (NH4)2SOx4, and the minimal level of 
growth factor listed in Table I; 3 ml of a 
similar culture, with glucose as carbon source, 
shaken for 16-18 hours at 37°C, served as 
inoculum. The cultures contained in 125 ml 
Erlenmeyer flasks, were shaken at 37°C; 
samples were withdrawn at half-hourly inter- 
vals and their turbidity measured. 

Oxygen uptake was measured in a conven- 
tional Warburg apparatus. The cells were 
grown as described above, on glucose, and with 
the minimal level of growth factor required 
for maximal growth. It was found that most 
consistent results were obtained in the mano- 
metric experiments, when 0.5 ml of a 10% 
solution of glucose was added to 50 ml cul- 
tures after overnight growth, and the shaking 
continued for an additional period of 30 
minutes. This treatment apparently  re- 
stored the metabolic activities of the cells 
which had suffered from the earlier exhaustion 
of glucose in the growth medium. All cell 
suspensions used in the experiments reported 
here were treated in this manner. 

The cells were collected by centrifugation 
at 5000 r.p.m. in the cold, and washed twice 
with 0.9% NaCl solution. They were sus- 
pended in the salt base containing, when indi- 
cated, 0.2% (N'H4)2SO., and the growth fac- 
tor at the levels listed in Table I, or at one 
tenth of that level. The concentration of the 
cells was adjusted to an optical density of 1.2 
at 590 mp; 2.5 ml portions of the cell suspen- 
sion were placed in the main compartment of 
the Warburg vessels and 20 »M of myo-inosi- 
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TIME —— 60 MINUTES 


FIG. 1. Growth curves of the wild strain and of 

the mutants on glucose (full line), and on inosi- 

tol (dotted line), in minimal medium with the 
enrichments shown in Table I. 


tol in 0.5 ml of H,O in the side arm. The 
center well contained 0.2 ml of 20% KOH. 


In all the experiments reported here the 
mutant and the parent strain 1033 were 
tested simultaneously. All Warburg vessels 
contained salt base and cells. Vessels of each 
set varied by containing the following ad- 
ditional materials: 1, none; 2, 0.2% 
(NH,)2SO4; 3, growth factor (0.1 of minimal 
level) ; 4, 0.2% (NH4)2SO4 + growth factor 
(0.1 of min. level); 5, growth factor (min. 
level); 6, 0.2% (NH:z)2SO, + growth factor 
(min. level). The vessels were shaken at 
35°C. Readings were taken at 10-minute in- 
tervals. The oxygen uptake was measured for 
30 minutes, then the myo-inositol was tipped 
in from the side arms, and readings taken for 
a period of 100 minutes. The cell density was 
determined at the end of the experiment. 


Results and discussion. The growth curves 
of the parent and the mutant strains on glu- 
cose and on myo-inositol are shown in Fig. 1. 
At the level of growth factor required for 
maximal growth on glucose, the mutants grow 
on glucose, adapt to myo-inositol, and grow on 
myo-inositol at the same rate as the parent 
strain. The same level of growth was obtained 
on glucose as on inositol in all except the 
histidine requiring mutant, strain 50; in order 
to obtain full growth on inositol it was neces- 
sary to add 600 ug which is 30 times as much 


OPTICAL DENSITY AT 590 my 


ADAPTATION OF MUTANTS 


629 


TIME —— 60 MINUTES 


BIG. 2. 


Effect of histidine on growth of strain 50. a) Utilization of histidine. Curve I—Glu- 


cose and 20 yg/ml of histidine; Curve I1—TInositol and 20 ywg/ml of histidine; Curve III— 


Inositol and 40 wg/ml of histidine. Arrows mark addition of 20 ug/ml of histidine. 


b)  De- 


gradation of histidine. 20 yg/ml of histidine. Glucose (G), and histidine (H) added where 
indicated by arrows. ¢) Growth on 600 yg/ml of histidine. Curve I—with inositol; Curve II1— 
without inositol. 


as was necessary for full growth on glucose. 
This unexpected consequence of the inability 
of a mutant to synthesize histidine was one of 
the most striking observations made in the 
present study. The increased level of his- 
tidine was required by adapting as well as by 
previously adapted cells as shown by the ex- 
periment in Fig. 2. In this experiment the 
addition of histidine to the medium in which 
growth on inositol had ceased, resulted in an 
immediate resumption of growth which, how- 
ever, came to a halt after an increase in cell 
density similar to that attained in the first 
period of growth. This cessation of growth 
was due to the exhaustion of histidine, be- 
cause addition of fresh histidine resulted again 
in immediate growth. In the absence of a 
source of carbon, histidine was not broken 
down during the first 150 minutes. When 
glucose was added during this time interval 
as much growth was obtained as in the case 
when both histidine and glucose had been 
present from the beginning (Fig. 2). Ex- 
posure of histidine to the cells beyond 150 
minutes apparently caused adaptive degrada- 
tion of histidine. Lower levels of growth 
were reached when glucose was added after 
this time interval, and growth occurred with 
histidine at 600 pg per ml as the only source 
of carbon (Fig. 2). 

The enormous increase in the histidine re- 


quirement in cells growing on inositol may be 
due to the production of inositol degrading 
enzymes excessively rich in histidine. In that 
case, inositol grown cells should contain many 
times as much histidine as glucose grown 
cells. However, histidine does not seem to 
be stored to an appreciable extent in either 
glucose or inositol grown cells, as shown by 
their inability to grow on glucose in the ab- 
sence of histidine. Yet, glucose grown cells 
are able to form adaptive enzyme for inositol 
degradation in the absence of histidine (Fig. 
4). The increased requirement for histidine 
by cells growing on inositol thus does not 
seem to be due to a utilization of histidine in 
large amounts for the production of inositol 
degrading enzymes, but rather to be connected 
with some aspect of inositol metabolism. 
Myo-inositol which is degraded by a pathway 
distinct from that by which glucose is broken 
down(4), may fail to provide a_ building 
block which can be formed from histidine. 
This interesting relationship between inositol 
and histidine metabolism will be further in- 
vestigated. 

The results of the manometric experiments 
are illustrated in Fig. 3 and 4. Fig. 3 com- 
pares the kinetics of adaptation of the wild 
strain and the tryptophane requiring mutant, 
strain 44, and Fig. 4 summarizes the results 
obtained with all the strains. The results ex- 
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pected by analogy with other adaptive 
processes in bacteria and yeasts were observed 
with the parent strain 1033. Adaptation took 
place in the absence of added (NH,z) SOx, 
but considerably higher levels of adaptive 
enzyme were attained in its presence. Under 
the latter condition an increase in cell density 
was observed, but was insufficient to account 
for the increase in the concentration of adap- 
tive enzyme, as shown in Fig. 4. The addition 
of the growth factors to the wild strain, either 
in the absence or presence of (NH4)2SO,4, had 
no appreciable effect on the adaptation. 

The auxotrophic mutants, on the other 


hand, could achieve similarly high levels of 
adaptive enzyme in an (NH,z)2SO, containing 
medium only when the individual growth 
factor was also supplied, that is, the highest 
levels of adaptive enzyme were attained only 
by dividing cells. This relation between cell 
division and adaptation is well illustrated by 
the behavior of the histidineless mutant, 
strain 50. The level of histidine supplied was 
insufficient for growth as discussed previously, 
and similarly inadequate for the production 
of large amounts of adaptive enzyme. 

A more specific role of some of the growth 
factors in adaptation could be demonstrated 
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by experiments in which cell suspensions of 
the mutants were exposed to inositol in media 
incapable of supporting growth. It was found 
(Fig. 3) that the loss of the ability to syn- 
thesize tryptophane in strain 44 reduced the 
amount of adaptive enzyme formed by this 
strain to about one-third of that formed by 
the wild strain. The ability of strain 44 to 
produce adaptive enzyme in the absence of 
growth could be restored by the addition of 
tryptophane, but not by the addition of 
(NH4) 2SOu. 

Other experiments provided evidence that 
lack of added tryptophane interfered neither 
with the oxidation of glucose nor, in adapted 
cells, with the oxidation of inositol; regard- 
less of the absence or presence of trypto- 
phane the oxygen uptake on either glucose or 
inositol amounted to the theoretical one 
(6 M/M) in 0.0001 M 2,4-dinitrophenol, but 
was lower (3 M/M) without dinitrophenol. 
This latter finding shows that the normally 
occurring oxidative assimilation, which ac- 
counts for the low oxygen uptake(7), does not 
, depend on the presence of the growth factor. 
The demonstration that assimilation, an 
energy requiring process, can take place in 
the absence of added tryptophane, makes it 
unlikely that the inability of mutant 44 to 
adapt under these conditions is due to an 
impairment of the energy metabolism of the 
cell. 

The ability of the leucineless and the his- 
tidineless mutant to adapt-in the absence of 
added growth factor was only slightly less 
than that of the wild strain. Still, addition of 
leucine and of histidine, respectively, stimu- 
lated adaptive enzyme formation, while addi- 
tion of (NH,)2SO, alone was without effect. 

In contrast to these findings are the ob- 
servations made on the adaptation of the 
pyrimidineless and the guanineless strains. 
Ammonium sulfate alone caused a small in- 
crease in the production of adaptive enzyme; 
addition of uracil alone to strain P-12 was 
without significant effect, and addition of 
guanine alone to strain P-14 was less effective 
than addition of ammonium sulfate; the im- 
provement in adaptation caused by the addi- 
tion of guanine might be explained by the 
ability of guanine to act as an amino donor. 
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As was observed with the amino acid requiring 
mutants, the highest levels of adaptive enzyme 
were attained only when cell division could 
occur, 7.e., in the presence of both ammonium 
sulfate and growth factor. 

The observations on the adaptation of 
auxotrophs in media not capable of supporting 
growth may be summarized as follows: while 
the synthesis of adaptive enzyme is limited 
by the lack of the specific growth factor in 
the amino acidless mutants, it is limited by the 
lack of an exogenous source of nitrogen in the 
guanine- and the pyrimidineless mutants. 

The bearing of these findings on the prob- 
lem of adaptive enzyme synthesis may now be 
considered briefly. The stimulation of adapta- 
tion by the amino: acids required for growth 
seems to suggest that even in the absence of 
cell division adaptive enzymes are synthesized 
de novo from amino acids. The ability of the 


-amino acid auxotrophs to form adaptive en- 


zyme, though in smaller amount, in the ab- 
sence of the required growth factor, may be 
due either to the storage of the amino acid or 
perhaps to the liberation of the amino acid 
from proteins by hydrolysis. Such an indirect 
utilization of proteins for formation of new 
enzymes might explain the competitive inter- 
actions observed in non-proliferating cells(1). 

Uracil and guanine do not seem to be di- 
rectly involved in the synthesis of adaptive 
enzyme. The stimulation of adaptation in 
these auxotrophs by ammonium sulfate in the 
absence of growth constitutes further evidence 
for the biosynthesis of new enzyme from sim- 
ple nitrogen compounds. 

The observation that dividing cells can 
attain a level of adaptive enzyme several 
times as high as that attained by resting cells 
(Fig. 4) suggests that still other factors in 
addition to the inducing agent, the building 
blocks, and energy are involved in the con- 
trol of adaptation. 

Finally, the preliminary nature of the re- 
sults reported here must be emphasized: 
only one substance, myo-inositol, has been 
used to induce adaptation and the responses 
of only 5 auxotrophs have been recorded. We 
hope to test the usefulness of this approach 
and the general validity of the conclusions 
drawn by extending this study to other un- 


632 


related systems and to additional mutants of 
different types. 

Summary. The ability of amino acid and 
of purine and pyrimidine auxotrophs of 
Aerobacter aerogenes to form adaptive en- 
zymes for the degradation of myo-inositol has 
been investigated. It was found that adaptive 
enzyme synthesis by the amino acid auxo- 
trophs could be stimulated in the absence of 
growth by addition of the required nutrilite, 
but not by addition of (NH4)sSO,. In con- 
trast, adaptation in the guanine and pyra- 
midine auxotrophs was enhanced by addition 
of (NH,)2SO, alone. 
cells attained higher levels of adaptive enzyme 
than resting cells. The bearing of these re- 
sults on the mechanism of adaptation is dis- 


In all cases, dividing” 
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cussed. The poor utilization of histidine by 
strain 50 for growth on inositol does not seem 
to be due to the effect of histidine on adapta- 
tion, but rather seems to suggest a metabolic 
relationship between inositol and histidine. 
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Response of X-irradiated Mice to Intravenous Inoculation of Intestinal 


Bacteria.* 


(19714) 


M. H. Hatcu, H. B. Cuass, P. F. Fenton, W. Montacna, AND J. W. WILSON. 
From the Department of Biology, Brown University, Providence, R. I. 


The possibility that infection by bacteria 
of intestinal origin plays a significant role in 
death following exposure to ionizing radiation 
has been suggested by a number of observa- 
tions. Bacteria common to the lower intes- 
tinal tract have been found in blood and 
organs of animals after total body X-irradia- 
tion(1-4). Miller e¢ al.(5,6) showed a high 
incidence of bacteremia identified with normal 
intestinal inhabitants in mice during the sec- 
ond week after exposure to 450 or 600 r total 
body X-irradiation. This was the period of 
greatest mortality. Furthermore, it has been 
possible to reduce mortality among irradiated 
animals by the administration of various anti- 
biotics(7,8). The protective effect was con- 
siderably reduced in mice if there was a 
prevalence of invading intestinal bacteria 
which were relatively insensitive to the anti- 
biotics(7). Increased susceptibility of mice 
to inoculation with Escherichia coli following 


* This work was conducted under Contract No. 
AT (30-1)-1123 between the U. S. Atomic Energy 
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sublethal total body X-irradiation was shown 
by Shechmeister ef al.(9,10). Subcutaneous 
or intraperitoneal injection of E. coli caused 
much higher mortality among irradiated mice 
than among normal animals receiving the 
same inoculum. 


The present experiments were undertaken 
to study the effect in mice of intravenous in- 
oculation of another normal intestinal or- 
ganism, a member of the genus Proteus, after 
moderate total body X-irradiation. 


Experimental procedure. C3H mice, 60-90 
days of age, were subjected to total body X- 
irradiation in groups of 3 in plastic (Styron) 
containers. The radiation was delivered from 
a 200 kv Picker-Waite X-ray therapy machine 
operating at 20 ma and a distance of 20 cm. 
The filters consisted of 0.5 mm Cu and 1.0 
mm Al. Doses ranged from 400 to 550 r, 
given at a rate of 230 r per minute. Non- 
irradiated controls were kept in the plastic 
containers for the same length of time as the 
irradiated animals. The mice were housed in 
plastic cages in groups of 6 in an air-condi- 
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tioned room at 72°C and were maintained on 
a commercial stock ration. 

Three days after irradiation the mice were 
inoculated in the tail vein with 2-5 million 
Proteus contained in 0.2 ml saline. Groups 
of animals given the same X-ray dose fol- 
lowed in 3 days by inoculation with 0.2 ml 
sterile saline and groups not irradiated but 
injected with 2-5 million Proteus were in- 
cluded as controls. All mice were observed 
for 30 days after irradiation to obtain mor- 
tality data. The bacterial inoculum was pre- 
pared by suspending the growth from several 
24-hour agar slants in sterile saline, estimat- 
ing the number of organisms from turbidity- 
plate count data, and diluting with sterile 
saline as required. A plate count was made 
on this suspension to check the number of 
organisms injected. The culture of Proteus 
used was obtained from heart blood of a 
mouse given X-irradiation only. When origin- 
ally isolated, the organism had the biochemical 
characteristics of Proteus vulgaris. After hay- 
ing been maintained as a stock culture for over 
a year, its properties more closely resemble 
those of Proteus morganii. Sucrose and mal- 
tose are usually not fermented, although slow 
acid production is occasionally observed in 
these sugars. The organism no longer pro- 
duces H»S in lead acetate agar and attacks 
urea more slowly than when first isolated. 
Similar changes in apparent P. vulgaris cul- 
tures have previously been observed after 
maintenance in stock culture(11). Both P. 
vulgaris and P. morganu have been found in 
cecal content and feces of our mice. 

In experiments at 500 and 550 r, tail blood 
samples were taken from mice in each of the 
3 groups to determine the number and kind 
of bacteria present. Blood was taken within 
one minute after inoculation and daily there- 
after for 15 days. The tail was dipped in 
tincture of iodine, allowed to dry, snipped 
with sterile scissors, and a measured amount 
of blood taken in a sterile red blood cell 
diluting pipette. Serial dilutions were made 
in 0.859% sodium chloride solution containing 
0.5% sodium citrate. One-half ml amounts 
of various dilutions were spread over the sur- 
face of Levine’s eosin-methylene blue agar 
(Difco) and Bacto heart infusion agar 
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TABLE I. Effect of Intravenous Inoculation of 
Proteus on Mortality of X-Irvradiated Mice. 


Median time 


——Mortality*— of death 
X-ray Dead/ To (days post- 
dose Inoculum Total dead x-ray) 
400r Proteust 6/14 43 9.5 
400r Saline 0/12 0 — 
500r Proteus 20/20 100 6 
500r Saline 3/18 ie 12 
550r Proteus 12/12 100 7 
550r Saline b/12 42 16 
None Proteus 0734 0 — 


* Mortality data based on observation of mice 
for 30 days after irradiation. 

+t No. of Proteus inoculated ranged from 2-5 X 
10°. 


(Difco) plates. A small sample of whole 
blood taken in a capillary pipette was plated 
directly on these media. The tail was cauter- 
ized after taking the samples. Plate counts 
were made after 48 hours incubation at 37°C. 
Cultures for identification procedures were 
isolated at this time. Mice which were bled 
were not tabulated in survival data. 

Results and discussion. More deaths oc- 
curred among irradiated mice inoculated with 
Proteus than in control mice given the same 
irradiation followed by sterile saline injection. 
At 500 and 550 r the death rate was increased 
to 100% by Proteus inoculation. There were 
no deaths among non-irradiated animals given 
the same number of Proteus. At all 3 X-ray 
doses, the median time of death in days after 
irradiation was shorter for mice inoculated 
with Proteus than for those receiving sterile 
saline. The results are summarized in Table 
I. These data show an increased susceptibility 
to infection with a normal intestinal organism 
in mice subjected to moderate total body 
X-irradiation. Such heightened susceptibility 
to infection among irradiated animals has 
previously been shown with various pathogenic 
organisms(12,13) and E. coli(9,10). The in- 
creased number and earlier occurrence of 
deaths caused by injection of Proteus after 
moderate doses of X-ray support the concept 
that infection with intestinal bacteria is im- 
portant in radiation death. These observa- 
tions are evidence against the idea that in- 
fection is merely a terminal event in death 
following irradiation. 


634 


Qa 9 ed 
to) 
rt A 
ao 8 e 
oh 
= rf 
wi 64 
a F e 
Res) 
tg 
S 4 On 

“9 
it : 
ne , 
o 
Ss 2 
= 
Saet 
P= g 
oa o+--— °—-—o—-0--©--@)== 

Oat Wi 2 iso, aaa ar oe wOnenet: 


! 
O26 Or rere Ores Ores Oee ee Ores Oren 


X-[RRADIATED Mick AND INTRAVENOUS INTESTINAL BACTERIA 


@—e 550r, INOCULATED WITH 
PROTEUS 
O-+*O NO X-RAY, INOCULATED 
WITH PROTEUS 
@-—@550r, INOCULATED WITH 
SALINE 
D = DIED 


Bret 9 1Or Werle NS 4s ato: 


DAYS AFTER INOCULATION 
FIG. 1. Bacterial counts of blood of representative mice from an irradiation-inoculation 
experiment at 550 r. 


The plate counts on daily blood samples 
indicate that the animals subjected to 500 or 
550 r had little ability to restrict multiplica- 
tion of the inoculated bacteria. The organisms 
increased in number until death occurred, gen- 
erally rising to 10-100 million per ml blood. 
Apparently the defense mechanisms related 
to blood clearing were greatly impaired by 
irradiation. Chrom(2) observed reduced blood 
clearing capacity in irradiated mice injected 
with the Breslau bacillus (probably Salmo- 
nella typhimurium. The non-irradiated mice 
were able to remove the inoculated Proteus 
from the blood comparatively well. The 
number was reduced markedly during the 
first day after inoculation, but some were 
found in the blood for several days, usually 
only a few thousand or less per ml. By the 
11th or 12th day after inoculation the blood 
was free of bacteria. The irradiated, saline- 
injected mice rarely showed any bacteremia 
until 7 or more days after inoculation (10 or 
more days after irradiation). Bacteria found 
in the blood subsequent to this time were 
Proteus species, unidentified streptococci, and, 
on one occasion, a Pseudomonas. These or- 
ganisms were presumably invading from the 
intestine. Both the types of bacteria found 


and the time of occurrence of bacteremia were 
similar to the findings of Miller e¢ a/.(5). At 
550 r all mice which died in the group in- 
jected with saline and repeatedly bled showed 
bacteremia before death. However, at 500 r 
an occasional animal in this group died with- 
out showing bacteremia. More deaths oc- 
curred at both X-ray doses among mice sub- 
jected to daily bleedings in the group given 
saline than among those merely observed for 
mortality data. Thus the course of events in 
the mice from which repeated blood samples 
were taken may not be strictly comparable to 
that among those not bled. Fig. 1 shows the 
results of blood cultures on representative 
animals from an experiment at 550 r. 
Summary. Intravenous inoculation of mice 
with Proteus following moderate total body 
X-irradiation caused a marked increase in 
mortality and a much shorter median death 
time compared to control animals injected 
with saline. A severe bacteremia existed be- 
fore death in these animals. Non-irradiated 
mice given the same inoculum of Proteus 
quickly reduced the number of bacteria in the 
blood with eventual complete clearing. No 
deaths occurred among these animals. Bac- 
teremia caused by organisms common to the 
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intestinal tract frequently occurred in the 
mice which died following irradiation and 
saline injection. 
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Effects of the Hyperglycemic-Glycogenolytic Factor (HGF), Epinephrine 


and Insulin in Normal and Depancreatized Dogs.* 


( 19715) 


Piero P. FoA, LronipA SANTAMARIA,t SHELDON BERGER, JAy A. SMITH, 


AND Harriet R 


. WEINSTEIN. 


From the Department of Physiology and Pharmacology, The Chicago Medical School, 
710 South Wolcott Ave., Chicago, Illinois. 


During the course of experiments designed 
to study the action of certain insulin-free 
pancreatic extracts on the ketonemia and 
ketonuria of depancreatized dogs, it was 
noticed that the extracts had a marked hyper- 
glycemic effect(1), probably because they 
contained the hyperglycemic-glycogenolytic 
factor (HGF). The extent of the hypergly- 
cemia and its duration in different animals 
were extremely variable, however, even when 
the extracts were derived from the same batch 
of pancreas, were treated in the same manner 
and were injected under apparently identical 
conditions. Other experiments showed that 
the injection of epinephrine into depancrea- 
tized dogs with ketosis was also followed by 
a variable hyperglycemic response. The work 
described in this paper was undertaken to 
investigate the reasons for this variability. 


Materials and methods. Well-fed mongrel 
dogs were depancreatized aseptically under 


* Supported by a grant from-Eli Lilly and Co. 

+ Fulbright Fellow. Present address: Istituto di 
Patologia Generale, Universita di Perugia, Italy. 

+ Present address: Highland Alameda County 
Hospital, Oakland, Calif. 


sodium pentobarbital anesthesia. Following 
the operation, 100 ml of 0.9% saline, 100 ml 
of 10% glucose, 10 units of regular insulin 
(Lilly) and 30,000 of slow-acting penicillin 
were injected subcutaneously. This treatment 
was repeated on the first and, occasionally, on 
the second postoperative day. Penicillin in- 
jections were continued for 7 to 10 days. As 
soon as the animals started to eat, protamine 
zinc insulin (Lilly) was given instead of 
regular insulin. On the 7th postoperative 
day, the abdominal incision showed satisfac- 
tory healing and the stitches were removed. 
The dogs were kept in metabolism cages and 
fed the following daily ration: raw pancreas 
100 g, sucrose 40 g, raw horse meat 500 to 
700 g, depending upon the size of the animal. 
The urine was collected daily and the 24-hour 
glucose excretion was determined quantita- 
tively; urinary ketone bodies were estimated 
according to an arbitrary scale (1+ to 4+) 
using AcetestS tablets. The dogs were 
weighed once a week until the dietary and 
insulin requirements had been determined and 


§ Acetest Tablets were donated by the Ames Co., 
Elkhart, Ind. 


636 


EFFECTs oF HGF, EPINEPHRINE AND INSULIN 


TABLE I. Maximum Blood Sugar Rise Following Intravenous Injection of ‘‘Crude’?’ HGF 
Extract in Depancreatized Dogs with Ketosis. 


Group 1—‘‘ Mild’’ ketosis ————, 
Max blood sugar rise 


——— Group 2—‘‘ Severe’? ketosis————_, 
Max blood sugar rise 


—— 


Initial blood % of initial Initial blood % of initial 
No. ketones, mg % mg value No ketones, mg % mg value 
ub 0 71.8 46.7 20 30.2 62.3 18.7 
2 3.9 32.6 46.7 21 38.1 : 7.8 -20 
3 4.5 151.3 fount 22 38.3 teil 26.4 
4 5.2 33.3 39 23 41.5 83.1 22.2 
5 5.9 200.9 55 24 42.6 45.4 25.2 
6 6.5 40 44.6 25 44.8 114.3 40 
7 7 89.1 55.8 26 61.6 65.9 AW Eri 
8 9.5 76.6 22.5 27 63.8 117.3 61.3 
9 13.2 49.5 89.6 28 69.4 86.3 44.4 
10 13.4 134.7 38.5 29 75.1 33 11.9 
11 14.4 34.2 40.5 30 82.3 22.3 12.5 
12 15.6 64.5 74.3 31 84 26 19.6 
13 18.9 36.8 62.3 32 94.5 26.1 7.5 
14 19 62.1 31 33 96.3 32 6.5 
15 19.7 73.9 56.8 34 106.4 180.3 52.3 
16 22.4 44 38.6 35 187.5 33.4 35.6 
17 24.6 151.3 30.6 
18 26 48.8 18.9 
19 29.1 191.5 47.2 
Avg 13.6 81.5 48 Avg 72.2 60.9 26.3 
t iy 
* P <.01 * 
P<.01 


the animals had regained their preoperative 
weight, then at longer intervals. Protamine 
zinc insulin was administered at feeding time 
in doses sufficient to keep the urine acetone- 
free, the 24-hour glucose excretion below 10 
g and the weight of the animal approximately 
constant. When an animal was needed for 
experiments, insulin was withdrawn until a 
strong (4+) ketonuria developed, usually 3 
to 5 days. Quiet, well-fed mongrel dogs were 
used as controls. On the morning of an ex- 
periment the animals were not fed, control 
blood samples were taken, the extract con- 
taining HGF was injected intravenously and 
samples of blood were taken at various inter- 
vals of time for 4 hours. Blood ketone bodies 
were determined in duplicate following a 
modification of the method of Greenberg and 
Lester (2,3); blood glucose was determined in 
duplicate following the method of Folin and 
Malmrose(4). Urinary glucose was deter- 
mined by means of Benedict’s quantitative 
reagent. Two types of extracts containing 
HGF were used. The first one, which will be 
referred to as the “crude” HGF extract, was 


prepared as follows: 5.0 g of “12.5% salt 
cake,” obtained by Eli Lilly and Company 
during the processs of insulin manufacture, 
were dissolved in 100 ml of 0.08 N NaOH; 
the solution was incubated at 39°C for 2 
hours and the pH adjusted to 7.4 with dilute 
HCl. After filtration or centrifugation, the 
clear “crude” extract was injected intraven- 
ously in doses equivalent to 10 g of fresh pan- 
creas per kilo of body weight. The second 
type of preparation was obtained by extracting 
lyophilized whole pancreas powder with liquid 
ammonia and purifying it partially by pre- 
cipitation with 80% ethyl alcohol, according 
to a method described elsewhere(5). This 
preparation, dissolved in 10 ml of 0.9% saline, 
was injected in doses of 1 mg/kg and will be 
referred to as the “semi-purified’ HGF. When 
indicated, the statistical significance of the 
results was calculated according to the method 
of Fisher(6) and expressed as “‘P”’, the prob- 
ability that the results obtained might have 
been due to chance. 

Results. The animals were listed in order 
of increasing concentration of ketones in the 
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TABLE II. Maximum Blood Sugar Rise Following Intravenous Injection of Epinephrine (.02 
mg/kg) in Depancreatized Dogs with Ketosis. 


Group 1—‘‘ Mild’’ ketosis — 
Max blood sugar rise 


Initial blood % of initial 


————Group 2-—-‘‘ Severe’’ ketosis ——_,, 
Max blood sugar rise 


Initial blood % of initial 


No. ketones, mg % mg value No. ketones, mg % mg value 
1 5.4 65.1 25 6 31.4 22.2 14.3 
2 10.7 95.3 58.3 7 an 8 2.7 
3 13.4 76.2 27.6 8 88.5 11.6 3.4 
4 i Gal 65.9 53.8 
5 18.2 46.5 25.6 

Avg 12.9 68.9 38.1 Avg 63.9 13.9 6.7 

t sf 
t P <.01 t 
P <.01 


fasting blood and divided arbitrarily into 2 
groups. Group 1 consisted of the animals 
with a ketonemia of less than 30 mg %, or 
with “mild” ketosis, Group 2 of the animals 
with a ketonemia of more than 30 mg %, or 
with “severe” ketosis. Table I shows that the 
average concentration of ketone bodies in the 
blood was 13.6 mg % in Group 1 and 72.2 mg 
% in Group 2. The response to the injection 
of the “crude” HGF extract was expressed as 
the maximal bloed sugar rise reached during 
the 4-hour period of observation. It will be 
noted that the average hyperglycemic response 
was much greater in the animals with mild 
ketosis than in the animals with severe 
ketosis. The difference between these 2 
average values is statistically highly significant 
(P <0.01). Table IT shows that similar re- 
sults were obtained following the intravenous 
injection of epinephrine in doses of 0.02 
mg/kg dissolved in 10 ml of 0.9% saline. 
Again the hyperglycemic response was in- 
versely proportional to the initial concentra- 
tion of blood ketones. 


In another group of experiments, ‘‘semi- 
purified” HGF was injected intravenously 
into 10 normal dogs and 10 well controlled 
depancreatized dogs. These animals had re- 
ceived their last injection,of insulin 24 hours 
before the experiment and had no ketonuria. 
Fig. 1 shows that the rise in blood sugar con- 
centration produced by HGF was much 
greater in the controlled depancreatized dogs 
than in the normal ones. To determine 
whether or not, under the conditions of our 


experiments, depancreatized and norma! dogs 
responded differently to the injection of in- 
sulin as well, regular insulin (0.1 unit/kg) 
was injected subcutaneously into 2 normal and 
2 well controlled depancreatized dogs. Fig. 2 
shows that insulin produced a more prolonged 
and pronounced hypoglycemia in the depan- 
creatized than in the normal dogs. Thus the 
diabetic dog is more sensitive than the normal 
dog to the action of both HGF and insulin. 


Discussion. The chemical and physiological 
properties of HGF have been reviewed(7,8). 
Like epinephrine, HGF stimulates the liver 
phosphorylase system and thus causes glyco- 
genolysis and hyperglycemia(8,9). This ef- 
fect depends upon an adequate supply of liver 
glycogen, and does not manifest itself fully 
when the glycogen stores have been depleted 
by fasting(9,10), uncontrolled experimental 
diabetes(10) and, possibly, certain forms of 
labile diabetes in humans(11). When insulin 
is withdrawn from a depancreatized animal, as 
the store of liver glycogen becomes progres- 
sively depleted, ketosis appears. This de- 
creasing supply of liver glycogen is probably 
the cause of the inverse relationship between 
the concentration of ketone bodies in the blood 
and the rise in blood sugar produced by HGF 
and epinephrine. Glycogen depletion, how- 
ever, cannot explain why the hyperglycemic 
response to the injection of HGF is smaller in 
the normal than in the depancreatized dog well 
controlled with insulin, as there is no reason 
to believe that these 2 types of animals have 
significantly different amounts of glycogen in 
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Hyperglycemia produced by intravenous injection of ‘‘semi-purified’?’?’ HGE 


(1 mg/kg). Average of 10 normal and 10 depancreatized dogs without ketosis. 
FIG. 2. Hypoglycemia produced by subcutaneous injection of regular insulin (.1 unit/kg). 
Average of 2 normal and 2 depancreatized dogs without ketosis. 


their livers. A possible explanation is that, 
just as hyperglycemia produced by glucose 
administration stimulates the secretion of in- 
sulin by the pancreas of the normal animal 
(12-14), so the hyperglycemia produced by 
the injection of HGF might stimulate insulin 
secretion and thus, where a functioning pan- 
creas is present, limit its own effect. Only in 
the depancreatized animal could HGF exert 
its full action. The observation that insulin 
has a greater effect in the diabetic than in the 
intact animal is in agreement with the results 
of others(15-17) and suggests that in the 
normal animal the reverse relationship be- 
tween insulin and HGF may also exist: insulin 
hypoglycemia might cause the secretion of 
HGF and in turn be limited by it. In the 
depancreatized animal, on the other hand, 
HGF could not be readily secreted and in- 
sulin would be free to show its full effect. 
Thus, as several investigators have suggested 
(18-21), HGF would be a true anti-insulin 
hormone secreted by the pancreas itself and 
would have a function similar to that of other 


anti-insulin mechanisms(22). The secretion 
of the 2 pancreatic hormones would be mutu- 
ally regulated by means of their opposing 
actions on the blood sugar. This hypothesis 
is being investigated further using cross- 
circulation experiments. 

Conclusions. 1. The hyperglycemia pro- 
duced by HGF and by epinephrine in the de- 
pancreatized dog with ketosis is greater in 
animals with mild ketosis than in animals with 
severe ketosis. 2. Since ketosis is believed to 
increase as liver glycogen decreases these re- 
sults suggest that the hyperglycemic response 
to HGF and epinephrine depends upon the 
amount of liver glycogen present. 3. In the 
well controlled depancreatized dog without 
ketosis, on the other hand, the hyperglycemic 
effect of HGF is greater than in the normal 
animal, suggesting that in the presence of the 
pancreas, the action of HGF is limited by the 
secretion of insulin. 4. Similarly, in the well 
controlled depancreatized dog without ketosis, 
the hypoglycemic effect of insulin is greater 
than in the normal animal, suggesting that in 
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the presence of the pancreas the action of 
insulin is limited by the secretion of HGF. 
5. It is suggested that HGF and insulin might 
be 2 mutually regulated pancreatic hormones 
and that their balanced secretion might be an 
important factor in the maintenance of a 
normal blood sugar concentration. 


The guidance of Dr. A. H. Ryan in the statistical 
calculations and interpretation is gratefully ac- 
knowledged. 
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Measurements of Radioisotopes in Blood Applied to Determinations 


of the True Hematocrit.* 
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A convenient and accurate technic for sam- 
ple preparation for use in measurement of 
concentrations of soft beta-ray emitting radio- 
isotopes in blood is required in clinical and 
experimental investigations. Solid samples, 
especially at or near “‘infinite thickness,” pre- 
pared by the isolation of a precipitate of the 
radioactive ion give reproducible results(1,2). 
However, their preparation requires consider- 


* Supported by grants from the Research Grants 
Division, U. S. Public Health Service, and the 
Graduate School of the University of Minnesota. 
The radiocalcium and radiosodium used in the ex- 
periments were obtained from the Oak Ridge Na- 
tional Laboratory on allocation from the U. S. 
Atomic Energy Commission. 


able time and the counting rate of the sample 
is lowered by absorption of beta-rays by the 
sample. Measurement of radioisotopes in 
liquid samples(3,4) exposed to a thin-window 
counter has been recommended. Such liquid 
samples, like thick solid samples, reduce the 
counting rate by self-absorption, thus neces- 
sitating the administration of large amounts 
of labeled isotopes. Liquid samples suffer the 
additional disadvantage of possible evapora- 
tion, unless covered during counting, and are 
easily spilled. 

Rapid and simple methods for sample prep- 
aration, particularly applicable to blood con- 
taining beta-ray emitters of low energy, have 
been developed and tested. These procedures 
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have been found to give reproducible results 
and have few of the disadvantages of other 
methods. The procedures have a definite ap- 
plication, when I'*! labeled albumin is em- 
ployed, to the measurements of blood and 
plasma volumes and in the determination of 
the true hematocrit. The methods have also 
been successfully applied to the measurement 
of Ca*® and Na”? (a positron emitter) in 
plasma and blood. It is probable that they 
could also be employed for the measurement 
of other non-volatile electron emitters with 
maximum energies down to 0.15 mev. 

The accuracy of relative corpuscle-plasma 
volumes obtained from the hematocrit has 
been repeatedly questioned on the score of the 
amount of plasma trapped in the corpuscle 
columns. The consensus(5,6) of the most 
consistent observations published prior to 
1952 gave estimates of trapped plasma as 
3-5% of the packed cell column, Maizels(7), 
however, found that only 2.2% of the packed 
cell column is plasma, while McLain and 
Ruhe(8) reported 4-17.9% of the cell column 
of defibrinated ox blood to be plasma. Leeson 
and Reeve(5) employed determinations of the 
dilution of I'** labeled serum proteins in blood 
by a complicated procedure and also made 
measurements of radioactivity in the packed 
cell columns and in the supernatant plasma. 
These workers reached the conclusion that 
about 5% of the cell column of heparinized 
human blood in the hematocrit tube is plasma. 
Jackson and Nutt(6) measured the concen- 
tration of T-1824 dye, added to whole blood, 
in the cell column and in the plasma and 
found that not over 2.2% of the cell column 
is plasma when the centrifugation is carried 
out at 4000 times gravity. 


Methods. A 5-inch diameter circle was 
drawn on heavy paper attached to a plane 
surface of a transite board and the board was 
fixed in a level position as determined with a 
mechanic’s bubble level. Whole blood was 
hemolyzed by the addition of an equal volume 
of water. The hemolyzed blood solution, or 
undiluted plasma, was treated with 0.08 ml of 
glycerol per milliliter and with 3-6 flakes of a 
solid surface tension depressantt and then 
shaken for several minutes to assure homo- 
geneity of the solution. Glycerol was em- 


RADIOISOTOPE DETERMINATION 


ployed as a plasticizer to prevent brittleness, 
cracking, and flaking of the sample after dry- 
ing. Half milliliter samples of the solutions 
were pipetted onto the center of 1-inch 
diameter copper planchets arranged on the 
perimeter of the circle mentioned above. A 
thin straight wire, such as hypodermic needle 
obturator, was’ used. to distribute the sample 
evenly over the surface of the planchet. An 
infra-red radiant heating bulb was suspended 
approximately 4 inches above the center of 
the circle, and the samples were dried for one 
hour. The dried samples were firm and tough 
and adhered smoothly to the planchets. The 
radioactivity measurements were made with 
thin mica window Geiger-Mueller counters 
and care was taken to maintain a fixed geo- 
metric relationship between the sample and 
the counter window. All radioactivity counts 
were made within a statistical deviation of 
less than 1%. 

Radiocalcium concentrations in whole blood 
and plasma were also determined by counting 
“infinitely thick” samples of calcium oxalate 
collected in previously described counting 
dishes(1). In these experiments protein-free 
filtrates of blood and plasma were prepared 
from trichloracetic acid and inert carrier cal- 
cium ion was added to the filtrates to give the 
required amount of calcium oxalate precipi- 
tate. 

Hematocrit determinations were made with 
Wintrobe tubes centrifuged at 2000 r.p.m. 
(18.5 cm radius) until a constant packed cell 
column was obtained (1-1.5 hours). Duplicate 
measurements were made. 

Results and discussion. The reproducibility 
of the results obtained by the methods of 
sample preparation described above was ex- 
amined by counting several samples prepared 
from a single volume of plasma or blood 
containing I*** labeled albumin, Ca*®, or Na??. 
The mean results, as counts per minute, with 
standard deviations of the means follow: 10 
samples I**1 albumin in plasma, 1034 + 20.4; 
10 samples I’*+ albumin in whole blood, 
25,688 + 230; 6 samples Ca* in plasma, 3083 


+t Nacconol, a laboratory cleansing aid, manufac- 
tured by National Aniline Division, Allied Chemical 
and Dye Corp., Merchandise Mart, Chicago, was 
used. 
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+ 31.6; 10 samples Ca‘? in whole blood, 
1983 + 66.5; 6 samples of Na’? in plasma, 
4936 + 81.5; 10 samples of Na?” in whole 
blood, 1646 + 20.1. 


It was desired to compare the radioactivity 
measurements of whole blood and its plasma, 
each containing I'** labeled albumin, in order 
that the relative volumes of plasma and cor- 
puscles in whole blood might be calculated. 
The greater solids content of whole blood re- 
sults in the weight and thickness of the dried 
residues on the planchets from whole blood 
(diluted 1:1) being greater than those of the 
plasma residues. It was, therefore, necessary 
to examine the magnitude of radiation losses 
due to self-absorption in the whole blood 
residues. Five dilutions of whole blood con- 
taining I**! labeled albumin were made with 
water in such manner that half milliliter vol- 
umes contained the equivalent of 0.05-0.23+ 
ml of whole blood when further diluted with 
0.08 ml of glycerol per ml. The weights of 
the residues of these solutions, prepared as 
described above on tared planchets, varied 
from 56 to 94 mg of which 43 mg was due to 
glycerol. A plot of the counts per minute of 
the planchets against volume of blood repre- 
sented in the samples, or against weights of 
the residues, gave a straight line. It is thus 
evident that self-absorption by the samples of 
T*" radiation is not a factor under the con- 
ditions of sample preparation described in this 
paper and that measurements of I** activity 
in plasma and whole blood, by these technics, 
can be related directly. 


The beta radiation of Ca*® exhibits con- 
siderable self-absorption in samples(9). The 
use of these technics with Ca*® would, there- 
fore, require standard planchets prepared 
from plasma or whole blood, depending upon 
which fluid is to be studied. It would also be 
preferable to prepare the Ca*® standards con- 
currently with the experimental samples in 
order to control possible variations in degree 
of drying among the samples. 

The plesma fraction of blood was calculated 
as the ratio of the radioactivity measurement 


+ 0.23 ml is the volume of blood represented in the 
residue on the planchets prepared from whole blood 
by the routine technique. 
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of whole blood to that of an equal volume of 
plasma from the same blood sample. The 
apparently valid assumption is made that [131 
from iodinated albumin added to blood re- 
mains in the plasma(5). The measurements 
were carried out with heparinized human 
blood treated with I*** labeled human albumin 
and also with the same blood after increasing 
its plasma volume. Plasma was collected 
from the original blood after addition of I'** 
albumin and added to aliquots of the original 
blood to give 2 blood samples with increased 
plasma fractions. The results compared with 
those obtained by the hematocrit are given in 
Table I. 

The direct and derived results in Table I 
show that the hématocrit determination is 
liable to a considerable error due to plasma 
trapping in the cell column. This error de- 
creases with increasing plasma volume (de- 
creasing cell volume as, for example, in cyto- 
penic or microcytic anemias). This observa- 
tion may account for some of the variations 
as to plasma trapping in the hematocrit tube 
reported in the literature. On the basis of this 
observation it is suggested that ordinary 
hematocrit determinations applied to poly- 
cythemic blood considerably overestimate the 
true cell volume. Undoubtedly, the increasing 
centrifugal force(6) toward the closed end of 
the hematocrit tube is an important factor /in 
reducing plasma trapping in short cell 
columns. 

Although the results obtained with Sample 
C (Table 1) by the 2 methods are virtually 
identical, it seems unlikely that the cell col- 
umns in the hematocrit tubes were devoid of 
plasma.. It is possible that experimental er- 
rors, particularly in the hematocrit determina- 
tion which became of increasing importance 
as the cell volume decreases, account for the 
agreement of these results. 

The plasma volumes of blood samples and 
the intercellular plasma of the cell column of 
the hematocrit were also studied by measure- 
ments of Ca*® concentrations in whole blood 
and plasma. In this work, carried out before 
the sample preparation technics described in 
this paper were developed, Ca*® was measured 
in infinitely thick preparations of calcium 
oxalate as mentioned in the section on 
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TABLE I. Plasma Volumes of Blood Caleulated from Hematocrit Determinations and from 
Concentrations of I** Labeled Albumin in Blood and Plasma. 


Plasma vol. as % of blood vol. 


from Plasma vol. deficit Trapped plasma as 
r — by hematocrit % of vol. of 
Material Hematocrit I albumin  (% of actualvol.)t packed cell column 
Original blood (4) 54.08 58.65 7.8 9.9 
(6P,3B) * J 
A diluted with 69.31 70.72 2 4.6 
plasma (B) (6P,4B ) * 
A further diluted 74 73.97 0 0 
with plasma (C) (6P,8B) * 


* These numbers denote the number of separate samples of plasma (P) and whole blood 


(B) counted. 


+ The actual volume taken to be that obtained from the radioactivity measurements (third 


column), 


Methods. The plasma content of whole blood 
was taken to be the ratio of the Ca*® count of 
1 ml of whole blood to that of an equal volume 
of plasma of the same blood.$ 


Small volumes of high specific activity Ca*® 
solutions were mixed with 18 heparinized 
whole blood samples (17 dog, 1 human). 
Plasma samples were promptly removed. The 
plasma content of each sample of whole blood 
was measured by the hematocrit and calcu- 
lated from the Ca*® concentrations of dupli- 
cate samples of whole blood and plasma. The 
mean results of the 18 samples, with standard 
deviations, as percentage of plasma in blood 
follow: 55.66 -- 4.80: (by hematocrit) and 
61.60 + 4.12 (by Ca*®). In no case was the 
plasma fraction read from the hematocrit 
greater than that obtained by calculation from 
the Ca* concentrations. The mean plasma 
volume deficit by hematocrit was 2.94 — 
1.59% of the whole blood volume. These re- 
sults allow the calculation that, on an average, 
7.1% of the packed cell columns in the hema- 
tocrit tubes was plasma. One sample of dog 
blood was treated with I*** labeled albumin 
and with Ca*®. The plasma fraction was esti- 
mated by each of the methods with the fol- 
lowing results: 53.25% (hematocrit), 56.45% 
(1*** albumin), and 57.38% (Ca*). 


§ The assumption is made, as in the case with [131 
labeled albumin, that Ca45 added to ‘blood remains 
in the plasma. This assumption is justified by the 
very low, probably zero, calcium content of red cells 
(10). We shall show, however, in a subsequent re- 
port that detectable quantities of Ca*5 are removed 
from plasma by red cells after 24-48 hours. 


Summary. Simplified methods for sample 
preparation for use in estimation of I'**, Ca**, 
and Na*? in blood and plasma are described. 
These methods will permit the administration 
of minimum amounts of [**! labeled plasma 
proteins in studies of blood and plasma vol- 
umes. The degree of plasma trapping in the 
centrifuged hematocrit was determined from 
measurements of I** labeled albumin and 
Ca*> concentrations in equal volumes of whole 
blood and plasma. With normal human and 
dog blood 7-9% of the packed cell column in 
the hematocrit tube is plasma. The amount 
of plasma trapped decreases with decreasing 
cell column height. The practical implica- 
tions of the last observation are mentioned. 
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Leon SIncER, W. D. ARMSTRONG, AND Mary Louise PREMER. 


From the Department of Physiological Chemistry, University of Minnesota Medical School, 
Minneapolis. 


Singer and Armstrong(1) reported the ex- 
istence in mature male rats of 2 kinds of 
skeletal calcium with markedly different rates 
of turnover. These forms of bone calcium 
were denoted as “mobile” and ‘‘fixed” frac- 
tions. Copp et al.(2) have also found evi- 
dence for the presence of a labile calcium 
fraction, amounting to approximately 15% of 
the total skeletal calcium, in the bones of 
young animals. Neuman and Mulryan(3) in- 
dicated that the mobile and fixed bone cal- 
cium fractions are the result of 2 distinct 
processes: (a) rapid ionic exchange of calcium 
for that on the surface of apatite crystals (the 
labile fraction), and (b) a slow recrystalliza- 
tion of the apatite crystals. The result of the 
latter process is to cause Ca*® to become situ- 
ated in relatively inaccessible locations in the 
interior of the crystals, thus producing the 
stable bone calcium. 

This study, with mature female rats, was 
carried out in order to eliminate the influence 
of skeletal growth on the results. Skeletal 
accretion has the effect of reducing calcium 
specific activity of bones(1) and might also 
render Ca*® in bones unavailable for removal 
by exchange through incarceration under lay- 
ers of newly deposited bone or through de- 
position in older and more heavily mineralized 
Haversian systems(4,5). Unlike male rats, 
some female rats which can be selected by ob- 
servation, attain a constant body weight. It 
was, therefore, assumed that such animals es- 
tablish a nearly constant skeletal mass. 

Experimental. Thirty female rats of the 
Sprague-Dawley strain whose weights had 
reached a plateau within the range 240-270 g 
were each given 3 intraperitoneal injections, 


* This study was supported by grants from the 
Research Grants Division of the U.S. Public Health 
Service and the Graduate School of the University 
of Minnesota. The radiocalcium employed in the 
experiments was obtained from the Oak Ridge Na- 
tional Laboratory on allocation from the U. S. 
Atomic Energy Commission. 


at 2-hour intervals, of a high specific activity 
Ca* solution. A total of approximately one 
million counts of Ca*® was administered. The 
animals were housed for 2 days following the 
injections in metabolism cages in order to 
permit the collection of the excreta and thus 
the estimation of the fraction of the injected 
Ca*> which was promptly excreted. The frac- 
tion of the injected dose remaining in the 
animals (Table I) after 2 days was assumed 
to have been fixed in large part in the calcified 
tissues. The animals were sacrificed in groups 
of 2-4 animals at one to 210 days after the 
administration of the radioisotope. Two‘days 
before the animals were to be sacrificed they 
were again placed in metabolism cages and 
urine collections were made over the 24 hours 
prior to sacrifice. During this 2-day period 
the animals were fed a diet devoid of calcium, 
but otherwise adequate, in order to eliminate 
contamination of the urine with spilled food 
calcium. 

The femora, humeri, teeth, pelt,t and 3 
lower lumbar vertebrae were obtained for 
analysis. The 4 epiphyseal ends of the femora 
of a single animal were pooled as one sample 
and the 2 diaphyses of the same bones were 
combined as another sample. The carcass 
residue, which consisted of the remainder of 
the animal, was ground in a meat grinder and 
then converted into an homogenate with a 
small amount of water in a Waring blendor. 
Three large aliquots of this suspension were 
taken for analysis and the results were aver- 
aged. All samples were dried, ashed at 700°C, 
dissolved in hydrochloric acid solution, and 
diluted to known volumes. The ash of the 
feces and of the homogenate samples required 
fusion with sodium carbonate at 900°C be- 


t At 28 days the pelt was found to contain negli- 
gible quantities of Ca*®. Accordingly this tissue 
from animals sacrificed at subsequent days was dis- 
carded without analysis. It appears probable that 
most of the 'Ca*5 associated with the pelt is derived 
from saliva or urine. 
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TABLE I. Turnover of Caleium Labeled with Radiocalcium in Non-Growing Female Rats. 


——% injected dose remaining——, Specific activities 


Day of Total In animal (% injected dose/mg Ca) 
sacri- No. of calcium after Inanimal Inskeleton  , 

fice animals (mg) 2 days at sacrifice at sacrifice Skeleton Plasma Urine 
1 2 3000 62.9 (1.4) . 53.8 (1.5) .0199 7631 2.2380 
(242) (0012). (.01381) (.0810) 
5 2 3203 62.7 (3.9) 51.7 (4 ) 44.6 (5.3) 0148 0960 -1585 
(120) : (.0823)  (.0327) --(.0946) 
10 2, 2889 67.1 (2.3) = 432 AGo: W)npee eee aiaL) .0109 .0778 .0760 
(166) (.0003)  (.0019) (.0001) 
20 2 2821 64.4 (2.8) | 42.4 (2.7) 33.2 (2 ) 0124 0295 -0328 
(157) (.0004) (.0012) (.0070) 
28 t 2936 64.1 (1°) 38.2.(5.1) 29.7 (5.2 0122 0250 0291 
(168) ‘ (.0016)  (.0039) (.0087) 
40 2 3255 72.6 (1:4) 38.8 .1) 32.9,(0 ) .0106 0154 
(148) (.0005) (.0007 ) 
50 2 3210 72.2:°(6.2) — °33-8:(.8)" 80:8=( .9)) 0101 0536 
(288) (.0012) (.0055) 
70 4 3254 74.2 (2.2) 35.7 (1.3) 34.8 (2 ) -0112 -0106 .0116 
(128) (.0006)  (.0009) (.0025) 
90 3 2987 74. (4.3)) 1.0 (1.0): 2952, (6.5) .0102 .0083 0095 
(40) (.0022) (.0017) (.0015) 
120 3 2943 7322 d= 23:3:'(7.8) — 22:8'(8:7) 0081 0090 0069 
(109) (0025)  (.0021) (.0014) 
154 2 3422 75. (1.9) 27:7 (2.4) ~— 27.3:(2:3) 0088 .0069 -0111 
(107) (.0004) (.0014) (.0021) 
210 2 3223 72.8-(1.3) - 23.6.@:3)— 28.3 (1.3) 0075 -0062 0063 
C73) (.0002)  (.0001) (.0006) 


Numbers within parentheses give the range of the results from the mean (2 animals) or 
average deviations from mean results (3 or 4 animals). 


TABLE II. Calcium Specifie Activities of Bones. 


Day of No. of ——Specifice activities (% inj. dose/mg Ca )——————_, 
sacrifice* animals Vertebrae Femur epiphysis Femur diaphysis Humeri 

1 2 .0204 (.0014) . .0188 (.0004) .0074 (.0003)  .0136 (.0002) 

5 2 -0180 (.0026) -0173 (.0008) -0088 (.0021) .0150 (.0027) 

20 2 .0154 (.0010) .0154 (.0017) .0078 (.0010) .0146 (.0010) 

210 2 -0105 (.0015) .0080 (.0002) -0060 (.0004) .0065 (.0002 ) 


Numbers within parentheses give range of results from the mean. 
* To economize space, results for the selected days ouly are given. 


fore solution in acid. The analytical methods 
and those used for the estimation of Ca*® 
have been described(1). 

Results and discussion. The means of the 
results obtained from the animals sacrificed 
at each time interval are given in the tables. 
The total calcium content of the animals and 
the fraction of injected Ca*® present at sacri- 
fice are the sums of total calcium and of 
Ca* found in the individual components 
of the animal bodies. The results in the 
column headed “In skeleton at sacrifice” 
(Table I) exclude Ca*® in the teeth and 
pelt. The fractions of injected Ca*? given 


in this column are attributed to the skeleton 
because most of the body calcium of the 
edentulous and skinned carcass is in the 
skeleton. The specific activities of the skele- 
tons were calculated by excluding the total _ 
calcium and Ca*® contents of the teeth and 
pelt. 

The total calcium content of the animals 
exhibited some variation despite careful selec- 
tion of animals of comparable age and weight. 
However, in contrast to the results obtained 
with male rats(1), there appears to have been 
no consistent increase of body calcium with 
increasing age of the animals, thus attesting 
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to the probable low order of bone accretion in 
individual animals during the experimental 
period. The percentage of the radioisotope 
retained after 2 days (difference between that 
injected and that excreted) was not closely 
correlated with the total calcium in the ani- 
mals and showed an extreme variation be- 
tween 62.7 (3.9) and 75.0 (+1.9)%. 

The percentage of injected Ca*® present in 
the animals and in the skeletons at sacrifice 
decreased rapidly during the first 10 days after 
the injections. From Day 10 through Day 
90 the quantity of radioisotope retained in the 
skeletons remained nearly constant. It ap- 
pears that a further decline in the fraction of 
Ca*® retained may have occurred after Day 
90. In the light of our previous study(1) 
these findings are interpreted to indicate a 
rapid turnover and excretion of Ca*® from a 
labile bone fraction during which time a large 
part (circa one-third) of the Ca*® became in- 
corporated into more stable locations from 
which it was only slowly released. These re- 
sults are consistent with the concept(3) that 
calcium of the surface of bone crystals is 
rapidly exchangeable while that of the in- 
terior of crystals is made available for turn- 
over more slowly by recrystallization. 

The specific activities of the skeletons, 
plasma, and urines also furnish evidence of 
the existence of forms of skeletal calcium with 
different rates of turnover. The animals sacri- 
ficed on Day 1 excreted urine with a calcium 
specific activity many fold that of the plasma, 
due, undoubtedly, to early excretion of high 
specific activity calcium immediately after the 
injections and to a rapid decline during the 
first day in plasma calcium specific activity. 
By the 10th day the specific activities of the 
plasma and urine became equal, within the 
limit of experimental variation, and remained 
so throughout the rest of the experiment. At 
Day 10 the specific activity of the plasma was 
7 times greater than that of the skeleton. 
Only after Day 50 did the plasma specific ac- 
tivity fall to values equal, within the experi- 
mental variation, to those of the total skeletal 
calcium. It is, therefore, suggested that 
through Day 50 a relatively rapidly exchange- 
able form of skeletal calcium was removed by 
excretion or incorporation into a stable form 
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and attained equilibrium with the calcium of 
the plasma. Beginning with Day 70, Ca*® in 
the plasma was maintained by the slow turn- 
over of the more stable form of skeletal 
calcium. 


In the previous study(1) with male rats 
whose skeletal calcium nearly doubled during 
the experimental period, 42-45% of the in- 
jected Ca** became incorporated in the stable 
bone fraction. In the present study with non- 
growing female animals, not more than about 
one-third of the administered Ca*® was 
present in the stable bone fraction through 
Day. 90 and this. quantity declined to about 
one-fourth of the injected radioisotope from 
Day 120 through Day 210. It is suggested 
that the higher fraction of administered Ca*® 
initially incorporated by the skeletons of male 
rats and the greater quantity of the radio- 
isotope present in the “fixed” bone compart- 
ment of the male animals were due to their 
greater bone accretion. In the growing animal 
Ca*® is accumulated in bones not only by ex- 
change but in addition by deposition of bone 
salt from a medium containing the radio- 
isotope. 


The results presented in Table II show that 
various skeletal components differ in their 
abilities to accumulate ‘Ca*® and in turnover of 
the isotope. The vertebrae, femur epiphyses, 
and humeri accumulated per unit weight of 
calcium relatively more Ca** than the femur 
diaphyses. Also, the femur diaphyses retained 
through Day 210 about 80% of their original 
Ca*® content while the other bones allowed 
the removal of about 50% of the radioisotope 
present at Day 1. These findings indicate 
that the quantitative features of calcium turn- 
over by exchange and recrystallization vary 
in different bones. They are also in agreement 
with the work of ‘Comar, Latz, and Boyd(6) 
who also found that anatomical location in a 
given bone influences its turnover of calcium. 


Summary. Total calcium and radioactive 
calcium contained in selected skeletal com- 
ponents and in the entire bodies was deter- 
mined in non-growing female rats at intervals 
up to 210 days after administration of the 
radioisotope. Evidence for fractions of skele- 
tal calcium with markedly different rates of 
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turnover was obtained from the changing 
rates with time in removal of radiocalcium 
from the skeleton and from comparisons of 
calcium specific activities of the skeleton and 
plasma of the animals sacrificed at increasing 
times after administration of the radiocalcium. 
In this study the effect of skeletal accretion 
was minimized. The results confirm those pre- 
viously obtained when skeletal growth was a 
possible factor influencing the results. These 
findings and interpretations are consistent with 
the concept that the bone salt exchanges the 
calcium of crystal surfaces rapidly and that of 
‘the interior of crystals more slowly by recrys- 
tallization. The specific activities of different 
bones and the change in specific activity of the 
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bones with time indicate that anatomical loca- 
tion of bone influences its calcium turnover. 
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A Rapid Method for Distinguishing D-Glucosamine from Galactosamine 


in Biological Preparations. 


(19718) 


Mitton W. SLEIN. (Introduced by Riley D. Housewright) 
From the Chemical Corps Biological Laboratories, Camp Detrick, Frederick, Md. 


In the course of a study of the constituents 
of a polysaccharide isolated from Shigella 
flexneri(1), it became necessary to be able 
to distinguish between the 2 naturally-occur- 
ring aminosugars, glucosamine and galactosa- 
mine. These substances have very similar R; 
values and do not separate well in a number 
of solvent systems(2). The N-2,4 dinitro- 
phenyl derivatives separate only slightly 
better(3) and methods for isolating deriva- 
tives involve more laborious procedures with 
relatively large amounts of aminosugars(4,5). 

Brown reported the phosphorylation of D- 
glucosamine by hexokinase, and adenosinetri- 
phosphate (ATP), the product being identi- 
fied as D-glucosamine-6-phosphate(6). As is 
shown below, galactosamine does not function 
as a substrate for hexokinase. It is therefore, 
possible to differentiate between these amino- 
sugars; and, in cases where these are the only 
2 aminosugars present, the relative amounts 
of each may be determined. 

Materials. The aminosugars used in the 
experiment described by Fig. 1 were partially 
purified from crude hydrolysates of the poly- 
saccharide of Sh. flexneri(1) and _ bovine 


tracheae(7,8) by passage over a cation ex- 
change resin and elution with HCl. The yeast 
hexokinase was also only partially purified(9). 


e@—e AMINOSUGAR FROM CARTILAGE 
%—XAMINOSUGAR FROM SH. FLEXN 
o—o AMINOSUGAR FROM BOTH 


MICROMOLES USED 


12 24 36 48 60 


MINUTES 
FIG. 1. Presence of D-glucosamine in hydrolysates 
of the polysaccharide of Sh. flexneri. The reaction 
mixture contained 33 micromoles ATP, 13 micro- 
moles galactosamine from chondroitin sulfurie acid 
or 11 micromoles aminosugar from the polysac- 
charide of Sh. fleaneri, or both, .006 M MgCl»y and 
yeast hexokinase in .06 M veronal buffer, pH §&. 
Incubated at 30°C. The utilization of aminosugar 
corresponds to the D-glucosamine content of the 
reaction mixture. 


DISTINGUISHING GLUCOSAMINE FROM GALACTOSAMINE 


Method. WD-glucosamine is phosphorylated 
in the presence of ATP and hexokinase. Any 
unreactive aminosugar is determined after re- 
moval of glucosamine-6-phosphate by treat- 
ment of the reaction mixture with ZnSO, and 
Ba(OH).. This is necessary since the phos- 
phorylated aminosugar also gives the color 
reaction of the free aminosugars. 


The reaction mixture of the data in Fig. 1 
contained the following: 
ml 
4 -1 M veronal buffer, pH 8 
4 1M MgCl 
2) aminosugars (Fig. 1) 
3 11M ATP 
The initial concentration of aminosugar was 
determined in the supernatant fluid obtained 
after adding a 1 ml aliquot of the above mix- 
ture to 1 ml of ZnSO, and then adding 1 ml 
Ba(OH).(10).- 0.2 ml of hexokinase was 
added to 4 ml of the remaining mixture to start 
the reaction which was incubated at 30°C. 
One ml samples were fixed with ZnSO, and 
Ba(OH)» at timed intervals. The super- 
natant fluid which is free of protein and phos- 
phorylated compounds was used for the de- 
termination of free aminosugars by the colori- 
metric method of Elson and Morgan(11). 


Results. The galactosamine preparation 
showed a utilization amounting to only 10- 
15% of the total aminosugar added, whereas 
85% of the aminosugar obtained from the 
specific polysaccharide of Sk. flexneri was 
phosphorylated. The limited disappearance 
of aminosugar from the galactosamine prep- 
aration indicates that some D-glucosamine 
may have been present in the chondroitin sul- 
furic acid from which the galactosamine was 
isolated. It may also be seen that the pres- 
ence of galactosamine did not prevent the 
phosphorylation of glucosamine obtained from 
the hydrolysate of the polysaccharide. 


Discussion. It is possible to carry out de- 
terminations on crude hydrolysates of biologi- 
cal materials provided an excess of ATP is 
added so that it does not become limiting by 
the phosphorylation of glucosamine or of other 
sugar residues such as glucose in the hydroly- 
sates. In cases where acid hydrolysis is not 
desirable, ATP-destroying enzymes, if present 
in amounts sufficient to prevent the main- 
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tenance of an excess of ATP during incubation 
with hexokinase, may be eliminated by de- 
proteinization and neutralization of the sam- 
ple before adding it to the test system. 

The disappearance of as little as 0.1 micro- 
mole of glucosamine per color test may be de- 
tected easily when it is the only aminosugar 
present. With galactosamine as the only 
aminosugar, no disappearance of color equiva- 
lents occurs during incubation with hexo- 
kinase and ATP. Mixtures of the 2 amino- 
sugars may be accurately analyzed for both 
components provided at least 10% of the total 
aminosugar is D-glucosamine. Because of the 
non-utilization of galactosamine during treat- 
ment with hexokinase, it is easier to detect 
small amounts of this aminosugar in the pres- 
ence of large amounts of D-glucosamine than 
it is to detect a small decrease in color due 
to the presence of a trace of D-glucosamine in 
the presence of a large amount of. galactosa- 
mine. 

Summary. An enzymatic method is de- 
scribed for distinguishing D-glucosamine from 
galactosamine. The method is based on the 
fact that glucosamine is phosphorylated by 
ATP in the presence of hexokinase, whereas 
galactosamine is not. Application of the pro- 
cedure for the assay of biological preparations 
is illustrated by the demonstration of D-gluco- 
samine in hydrolysates of a polysaccharide 
isolated from Shigella flexneri. 
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Nucleic Acids and Their Components in Tumor-Bearing Mice during 


Growth and Regression of Tumors.* 


(19719) 


Lropotp R. CERECEDO, MicHaet E. LompBarpo, D. V. N. Reppy, AND 
JouHn J. TRAVERS. 


From the Department of Biochemistry, Fordham University, New York. 


In recent years, a great deal of attention 
has been directed to the part played by 
nucleic acids in neoplastic growth. Several 
investigators(1,3,5,8,13,14) have presented 
evidence indicating a high nucleic acid con- 
tent for tumor tissues. It has been shown re- 
cently in this laboratory(2,7,9) that there is 
an increase in the nucleic acid content of the 
liver, kidney, and lung of mice bearing a 
transplantable sarcoma. 

Bischoff ef al.(21) reported that a syn- 
thetic diet containing vitamins of the B com- 
plex other than Bg produced a marked de- 
crease in the growth rate of sarcoma 180 in 
Marsh-Buffalo mice, and addition of vit. Bg 
increased it again. On the other hand, 
Morris(22) found that the growth of spon- 
taneous mammary adenocarcinoma in strain 
C3H mice was decreased by extreme de- 
ficiency of pantothenic acid and _ riboflavin 
produced rapidly during a short period, and 
was not affected by extreme deficiency of 
pyridoxine. 

Stoerk(15) reported the regression of lym- 
phosarcoma implants in mice which were re- 
ceiving desoxypyridoxine on a pyridoxine de- 
ficient diet. This experiment was repeated 
by us with a view of making a comparative 
study of the nucleic acids and their purine 
constituents in mouse tissues during tumor 
regression. Because of the pronounced 
changes in desoxyribose nucleic acid (DNA) 
which were found during tumor regression in 
the spleen, the pyrimidines were also deter- 
mined in this tissue. 

Experimental. Male mice of the C3H 
strain of approximately 5 weeks of age were 
employed in this experiment. A mouse lym- 
phosarcoma,t 6-C3H-ED, was transplanted 
subcutaneously with a biopsy needle into the 


* This investigation was supported by grants from 
the National Cancer Institute, National Institutes of 
Health, Public Health Service, and the Damon Run- 
yon Memorial Fund for Cancer Research. 


right pectoral region of the mice. The animals 
were placed on a stock diet (Purina Labora- 
tory Chow) and were given ordinary tap water 
to drink. 

The tumor implants were allowed to grow 
from 8 to 11 days at which time a number of 
animals were sacrificed, and their tissues 
separately pooled into groups of 4 animals 
each. The remaining animals were divided 
into 2 groups, experimentals and controls. 


The experimental animals, designated “Bg 
deficient,’ were placed on a diet deficient in 
vit. Bs. The composition of the diet was as 
follows: Vitamin-free casein (Labco), 25 g; 
sucrose, 53 g; Crisco, 10 g; lard, 5 g; salts,+ 
5 g; Ruffex, 2 g; thiamine, 1 mg; riboflavin, 
1 mg; choline, 150 mg; calcium pantothenate, 
10 mg; vit. A,§ 6,750 I.U.; alpha-tocopherol, 
4 mg; and vit. D,|| 500 I.U. These animals 
also received desoxypyridoxine! in their 
drinking water, at a level of 300 »g per ml. 

The controls, designated “By sufficient,” 
were placed on the same diet except that vit. 
Bs was added at a level of 20 mg per 100 g 
of diet. They also received 300 ug of desoxy- 
pyridoxine per ml in their drinking water. 


A number of animals from each group were 
sacrificed at different stages of tumor growth 
as shown in the figures. The experiments 
were carried out in 3 different sections and 
with a total of 126 mice. Ten mice on the 
vit. By deficient diet and 6 mice on the vit. 
Bg sufficient diet died during the course of 
the experiment. These mice were discarded. 


+ Obtained from the Jackson Memorial Laboratory, 
Bar Harbor, Me. 

¢ Osborne and Mendel. 

§ Given in the form of a concentrate (1000000 
I.U./g) supplied by Nopco Chemical Co., Harrison, 
Nocl. 

|| Given in the form of Drisdol (Winthrop-Stearns 
Inc., New York). 

{Kindly supplied by Merck and Co., Rahway, 
N. J. through the courtesy of Dr. Karl Folkers. 
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TABLE I. Tumor Development in Mice Receiving Desoxypyridoxine on a Vit. Bg Deficient 
Diet and on a Vit. Beg Sufficient Diet. 


a. Treatment—desoxypyridoxine plus a vit. Bg deficient diet 


‘ Before treatment: r After treatment———————, 
No. of Body Tumor diam. (cm) No. dayson Body Tumor diam. (em) 
animals wt (g) Avg Range treatment wt (g) Avg Range 
4 20 1.6 (1.3-1.7) 7 16 1.3 (1.2-1.3) 
6 22 3 (2.6-3.2) 7 17 6 ( .4— .9) 
5 23 2.2 (2 2.5) 8 19 7 (0 -1 ) 
4 19 1.5 (1.41.7) 9 15 3 (0 — .7) 
3 23 2.1 (1.9-2.2,) 10 19 4 (0 -1 ) 
b. Treatment—desoxypyridoxine plus a vit. Bg sufficient diet 
: Before treatment: — After treatment———¥#—_, 
No. of Body Tumor diam. (cm) No. dayson Body Tumor diam. (em) 
animals wt (g) Avg Range treatment wt (g) Avg Range 
6 19 1.5 (1.3-1.7) 7 26 3.6 (3.44 ) 
8 2 3 (2.9-3.1) 7 26 3.9 (3.6-4.6) 
5 22 2.1 (1.92.3) 8 29 4.3 (3.8-4.7) 
6 18 1.5 (1.2-1.6) 9 25 4.3 (3.8-4.5) 
4 24 2.2 (2 =2.5) 10 27 4.1 (3.7-4.7) 


All animals were sacrificed by decapitation 
and the tissues upon removal frozen imme- 
diately with dry ice. The tissues (liver, kid- 
ney, lung, spleen, and tumor) were separately 
pooled into groups of 4 or 5 and homogenized 
in a glass homogenizer using distilled water at 
O°C. All homogenates were approximately 
10-15% suspensions. 

Aliquots of 2 ml were removed for nucleic 
acid analysis, pyrimidine analysis, and dry 
weight determinations. For the latter, all 
samples were dried at 105-110°C to constant 
weight. The nucleic acids were extracted by 
the trichloroacetic acid method of Schneider 
(12). One ml of the extract was utilized for 
the estimation of ribose nucleic acid (RNA) 
according to the method of von Euler and 
Hahn(4) and 0.5 ml for the estimation of 
desoxyribose nucleic acid (DNA) by Stumpf’s 
(16) method. The nucleic acids in the re- 
maining extract were hydrolyzed by heating 
with 1 N H2SO, in a boiling water bath for 
2 hours, under which conditions we have 
found that the purines (adenine and guanine) 
are completely liberated. Adenine was esti- 
mated in the hydrolysate by Woodhouse’s( 18) 
method and guanine by the method of Hitch- 
ings(6). 

The pyrimidines (uracil, cytosine, and thy- 
mine) in the spleen were determined by paper 
chromatography according to the procedure of 
Vischer and Chargaff(17) with the modifica- 


tions used by Cerecedo ef al.(2). Wyatt's 
(19) solvent was used to develop the chromat- 
ograms, making possible the complete separa- 
tion of the pyrimidines with one solvent. 
Analyses were also performed on normal 


animals covering the entire experimental 
period. 
Results. In Table I are presented data on 


the average tumor diameter before and after 
the treatment specified, the ranges of the 
tumor diameters, and body weights. It will 
be seen that the tumor grows rapidly in mice 
receiving desoxypyridoxine on a vit. Bg suf- 
ficient diet. On the other hand, the tumor 
regresses in mice receiving desoxypyridoxine 
on a vit. Bs deficient diet. The regression is 
as great as 100% in certain cases after 8 days 
treatment with desoxypyridoxine on a vit. Bg 
deficient diet. These data clearly confirm 
Stoerk’s(15) observation that lymphosarcoma 
implants regress in mice which receive a 
pyridoxine deficient diet and in addition 
desoxypyridoxine. 

In one group of the vit. B, deficient animals 
the average loss in body weight was 5 g, 
whereas in the other 4 groups it was 4 g. On 
the other hand, the animals receiving desoxy- 
pyridoxine on a vit. Bg sufficient diet gained 
weight. The vit. By sufficient animals ate on 
the average 2.3 g of food per day while the 
vit. Bg deficient animals ate 1.5 g of food per 
day. However, it must be remembered that 
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FIG. 1. DNA content of liver in tumor-bearing 
mice a) receiving vit. Bg, and b) deficient in 
vit. Be. 


caloric restriction on a tumor already estab- 
lished is relatively small. The major effect 
of caloric restriction is on the genesis or in- 
cidence of a tumor rather than on the growth 
of a tumor already firmly established (20). 

The effects of desoxypyridoxine on a vit. 
B, deficient diet in the mouse seem to. be 
specific. That is, it is not merely a general 
depression of body weight and a decrease in 
the rate of tumor growth. The data presented 
by Stoerk(15) and the data presented in 
Table I of this paper confirm this point. 

In Fig. 1 the concentration of DNA in the 
liver (expressed in mg/g dry weight) against 
the tumor age in days has been plotted. The 
horizontal dotted line indicates the normal 
level of DNA in the liver. It may be seen 
that in mice on a vit. Bg sufficient diet there 
is a 100% increase in DNA when the tumor is 
15 days old. This increases further and is 
maximal when the tumor is 17 days old, but 
then decreases steadily and returns almost to 
normal at 21 days. The same trend is shown 
by animals on a vit. Bg deficient diet except 
that the maximum at 17 days is not as high 
as that of the animals on a Bg sufficient diet. 
RNA shows a similar trend (not shown in the 
figure), but again reaches a higher level in the 
vit. Bg sufficient animals. In both the Beg 
sufficient and deficient animals, the increases 
in RNA were not as great as those in DNA. 
This was evident from the RNA/DNA ratio 
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which reached its lowest level when the tumor 
was 17 days old but then increased again 
returning almost to notmal at 21 days. 
Adenine and guanine followed essentially the 
same trend as the nucleic acids. However, 
the increases in guanine were greater than 
those in adenine so that the ratio of guanine 


- to adenine reached a maximum at 17 days of 


tumor growth. 

Fig. 2 shows the concentration of RNA and 
DNA in the lung. The vit. Bg sufficient ani- 
mals again show an increase in DNA which 
is maximal at the 17th day of tumor growth. 
The deficient animals show a maximum in 
DNA at 15 days which then falls to normal at 
21 days. RNA increases to a maximum at 
17 days in the Bg sufficient animals, and then 
drops almost to normal at 21 days. The Be 
deficient animals show the same trend but 
actually return to normal at 21 days. In each 
case, the nucleic acids reach a higher level in 
the vit. Bg sufficient animals. Adenine and 
guanine show the same pattern as the nucleic 
acids (not shown on the figure). 

In Fig. 3 the changes in RNA and DNA in 
the kidney are shown. The vit. Bg sufficient 
animals show an increase in DNA which is 
maximal when the tumor is 17 days of age, 
and then drops. The deficient animals show 
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FIG. 3. DNA and RNA contents of kidney in 
tumor-bearing mice a) receiving vit. Bg, and b) de- 
ficient in vit. Bg. 


a similar trend except that the increase in 
DNA is not as great. Adenine and guanine 
follow essentially the same pattern. 

RNA does not rise above normal in the 
kidney of the deficient animals. On the other 
hand, it increases in the vit. Bg sufficient ani- 
mals to a maximum at 17 days and then falls. 
In addition to the liver and lung, therefore, 
the kidney presents further evidence that the 
nucleic acids reach a higher level in the vit. 
B, sufficient animals than in~ the deficient 
animals. 

In the sarcoma (figure not shown), DNA 
and RNA reach a maximum at the 17th 


day of tumor growth. These are higher in 


the vit. Bg sufficient mice. In each case, the 
rate of increase of DNA is greater than that 
of RNA up to the 17th day. Both DNA and 
RNA then decrease until at 21 days their 
values are comparable to the values at 11 days 
of tumor growth. Again, the rate of decrease 
of DNA is greater than that of RNA and at 
21 days the ratio of RNA/DNA is comparable 
to that at days. 

In Fig. 4 the data for DNA and thymine 
in the spleen are given. Vit. Bg sufficient 
animals show a maximum in DNA when the 
tumor is 17 days old. However, this value is 
close to normal. It then drops to a value 


651 


approximately 20% below normal at 19 days. 

The deficient mice show a quite different 
effect. In these animals, DNA drops quite 
sharply in the spleen. At 19 days this value 
is as low as 29.8 mg/g dry weight which is 
approximately 70% below normal. This is 
substantiated by a 70% drop in thymine from 
a value of 10.0 mg/g dry weight when the 
tumor is 11 days old to a value of 3.0 mg 
when the tumor is 19 days old. Cytosine, 
guanine, and adenine were found to exhibit 
a similar drop. 

RNA remains close to normal in the spleen 
during tumor growth and regression, and this 
was verified by the fact that uracil remains 
fairly constant. 


Discussion. The increase in nucleic acids 
in the various tissues during neoplastic growth 
is in agreement with previous results obtained 
in this laboratory. The data reported in the 
present paper indicate that there is an increase 
in the nucleic acids and their purine constitu- 
ents in the liver, kidney, and lung during 
growth of a transplanted lymphosarcoma in 
(C3H mice. These increases in the concen- 
tration of nucleic acids in the tissues of the 
host point to a stimulation of the nucleic acid 
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metabolism during neoplastic growth. 

It is of interest to point out that the DNA 
concentration at its highest level in the mouse 
lymphosarcoma (93.9 mg/g dry weight) is 
higher than that of Sarcoma 180 (49.1 mg/g 
dry weight)(7), and melanoma S-91 (61.7 
mg/g dry weight)(2). This may be due to 
the high cellularity of the lymphosarcoma. 

The fact that the nucleic acids reached a 
higher level in mice receiving desoxypyridox- 
ine on a vit. Bg sufficient diet than in mice 
receiving desoxypyridoxine on a vit. Bg de- 
ficient diet suggests that desoxypyridoxine 
may act as an inhibitor in nucleic acid syn- 
thesis. 

The pronounced drop in DNA in the spleen 
is very interesting. It has been suggested that 
pyridoxine is essential for the maintenance of 
the lymphocytes(10,11) of lymphatic tissue. 
Since the lymphocytes are rich in nucleic 
acids, it is possible to conceive that pyridoxine 
may play a fundamental part in nucleic acid 
synthesis possibly as a cofactor and thus 
maintain the normal lymphocyte level. 


Summary. 1. The concentration of ribose 
nucleic acid (RNA), desoxyribose nucleic 
acid (DNA), adenine, and guanine of liver, 
lung, kidney, and spleen of normal C3H mice 
and those bearing a transplantable mouse 
lymphosarcoma at different stages of tumor 
development has been determined. The mice 
bearing the tumor were divided into 2 groups; 
one group received desoxypyridoxine on a vit. 
B, deficient diet, while the other received de- 
soxypyridoxine on a diet rich in vit. Bg to 
counteract the effect of the anti-vitamin. In 
addition to DNA, RNA, adenine, and guanine, 
the pyrimidines (uracil, cytosine, and thy- 
mine) were also determined in the spleen. 
2. The data presented indicate that there is 
an increase in the nucleic acids and their 
purine constituents in the liver, kidney, and 
lung during the growth of the tumor. 3. The 
nucleic acids reached a higher level in mice 
receiving desoxypyridoxine on a vit. Beg suf- 
ficient diet than in mice receiving desoxypyri- 
doxine on a vit. Bs, deficient diet. 4. Mice 
receiving desoxypyridoxine on a diet high in 
vit. Bs; show a maximum: value in DNA 
(which is close to normal) in the spleen on 
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the 17th day of tumor growth which then 
drops to approximately 20% below normal 
at 19 days. In mice receiving desoxypyri- 
doxine on a diet deficient in vit. Bg, DNA in 
the spleen drops quite sharply. At 19 days, 
this drop is over 70% below normal and this 
is followed by “a-similar drop in thymine, 
cytosine, guanine, and adenine. RNA does 
not vary to a significant extent in the spleen, 
and this is also true of uracil. 5. The changes 
in nucleic ‘acids are followed generally by 
similar changes in adenine and guanine. 
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A Simple Blood Flow Meter.*t 
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While assembling equipment for the Star- 
ling heart-lung preparation, the problem of 
constructing an adequate blood flow meter 
became apparent. We arbitrarily established 
the following requirements: 1) accuracy of 
about 5%, 2) direct recording of flow against 
time, 3) linear response or a simple algebraic 
function thereof, 4) relative independence 
from viscosity changes, 5) immediate response 
to changes in flow, 6) simplicity of construc- 
tion. 

A recording meter was ultimately devised to 
meet these criteria using a test tube, a spring, 
a heart lever, a funnel and a suitable chassis 
to hold the components together as shown in 
Fig. 1. It was constructed as follows: A hole 
approximately 3 mm in diameter was blown 
in a pyrex test tube (22 x 175 mm). The 
test tube was suspended by a wire ring at- 
tached to an open coil stainless steel spring 
(wire diam. 0.009 in., O.D. 0.078 in., length 
2.5 in.). One end of a fine lever was coupled 
to the lower end of the spring, the other 
traced a record on a kymograph. The lever 
arm ratio was approximately 10:1. The in- 
flow was delivered through a tube running the 
length of the vessel. The outflow was col- 
lected in a funnel supported directly beneath 
the orifice. All glass parts were siliconed. 


The theory upon which this meter is based 
depends on a consideration of the conservation 
of energy. By equating the potential energy 
of a unit volume of fluid at the top of a vessel 
to the potential energy of a unit volume at an 
orifice in the bottom of this vessel, it becomes 
obvious that the height of the fluid column is 
proportional to the square of the outflow 
velocity.+ Since the effective orifice is essen- 
tially constant, the rate of outflow is directly 
proportioral to the velocity; thus height is 
directly proportional to the square of the flow. 


* Presented in part at the Federation Meetings at 
New York April, 1952. 

+ This investigation was supported in part by a 
grant from the Squibb Institute for Medical Research. 

t{mgh = % mv2; kh = v?, 


For any given inflow rate, the fluid height will 
increase until the outflow rate becomes equiva- 
lent. At equilibrium, the fluid height remains 
constant. Range is determined by the vessel 
height and the diameter of the orifice. Thus, 
to measure flow, one need only measure fluid 
height in such a vessel. Since the vessel is of 
uniform diameter, height is a linear function 
of weight. Therefore by suspending the ves- 
sel on a spring, one may measure the deflec- 
tion of an appropriately coupled lever and 
find it proportional to the square of the rate 
of flow. For electronic recorders, a strain 
gauge may be used instead of a spring. 
Deviations from theory, due to the physical 
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FIG. 1. Diagram of flow meter construction. The 

orifice is placed at one side of the bottom, in order 

to avoid the jet of incoming fluid. The funnel 
below the orifice is not shown. 
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FIG. 3. Flow meter tracing showing response of cardiac output, in the Starling heart-lung 

preparation, to suddenly raising the venous reservoir 25 mm for 2 minute intervals every 10 

min. The initial flow of 510 ce per min increased to 870 ce per min on the first test. Thirty 

min later, the response was from 505 ce per min to 830 ce per min indicating the amount of 
_. spontaneous failure. 


properties of fluids, may be minimized by 
keeping the diameter of the vessel as large as 
possible and the orifice as short (that is to say 
the thickness of the vessel wall as thin) as 
possible. The meter is totally inaccurate when 
the fluid height falls to within several milli- 
meters of the orifice. 

Calibration was accomplished by allowing 
water to flow through the meter at various 
constant rates and measuring the volume col- 
lected in one- or 2-minute intervals. A linear 
calibration curve was constructed by plotting 


the vertical pointer height against the square 
of the flow. For convenience in reading the 
calibration curve the log height was plotted 
against 2 log flow, using several points to 
draw a line on log-log graph paper as illus- 
trated in Fig. 2. This plot was linear only if 
it passed through the origin. Therefore, in 
order to obtain a linear calibration it was 
necessary to find the intercept, C, and plot 
2 log flow against log (height + C). C was 
then added to the observed height before 
reading flow from the graph. In all cases, the 
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calibrated points were within about 5% of the 
best fitting line. When calibration lines using 
water were compared with calibration lines 
using 6% gum acacia (relative viscosity 7.5), 
the difference was never greater than 3%. 

In a somewhat similar manner, Stephenson 
(1) has constructed a flow meter in which 
the height of a fluid column was related to the 
rate of discharge through a capillary. Due to 
pneumatic coupling to the recording device, 
this meter would seem to be sensitive to tern- 
perature and barometric pressure changes. 
The meter would also seem very sensitive to 
changes in viscosity and surface tension be- 
cause of its dependence on capillary flow and 
the presence of drop formation at the orifice. 
Due to these factors, and to the presence of 
turbulent flow, there is no simple mathematical 
expression for its performance. 

In our arrangement of the heart-lung ap- 
paratus, the meter was placed at the end of the 
arterial system, the outflow from. the funnel 
going directly to the venous reservoir. A sam- 
ple blood flow recording is shown in Fig. 3. 

Since small changes in flow may be obscured 


due to frictional resistance of the writing 
stylus on the paper, it is suggested that a 
small electric vibrator be placed on the flow 
meter support. When the flow is pulsatile, as 
in the heart-lung preparation, the vibrator is 
unnecessary. 

When the vessel diameter is increased, a 
larger volume increment is required in order 
to reach equilibrium and the response time is 
therefore lengthened. This results in a re- 
duction in the oscillations due to transient 
changes and the meter approximates, to a 
finer degree, mean flow. 

Summary. An inexpensive direct recording 
flow meter, relatively independent of viscosity 
changes and with an accuracy of about 5% 
was constructed. Its chief advantage lies in 
its extreme simplicity. The calibration curve, 
closely approximating a parabolic function, 
was reduced to a straight line by plotting log 
height against 2 log flow on log-log graph 
paper. 


1. Stephenson, R. P., J. Physiol., 1948, v107, 162. 
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Transport of Radioactive Sodium Across the Synovial Membrane of 


Normal Human Subjects.* 


(19721) 


RALPH F. JAcox, Movutton K. JOHNSON, AND RoscoE Koontz. 
(Introduced by William S. McCann.) 


From the Departments of Medicine, Orthopedics, and Radiation Biology, University of Rochester 
School of Medicine and Dentistry, Rochester, N. Y. 


Any investigation of physiological function 
of the synovial membrane of joints is limited 
by suitable technics for the study of this 
relatively inaccessible structure. The avail- 
ability of a variety of isotopes obviates some 
of these difficulties. The present investigation 
was designed to study the sodium clearance of 
the synovial membrane by means of radio- 
active sodium. 


A group of 35 healthy adults were injected 
in the knee synovial space with Na** and the 
clearance rate determined. The results of this 


* Aided by grant from the Masonic Foundation 
for Medical Research and Human Welfare. 


study of normal subjects reveal that signifi- 
cant differences are encountered between nor- 
mal men and women. The present report de- 
scribes these variations. 

Method. Radioactive sodium (Na**) was 
obtained from the Oak Ridge National Lab- 
oratories as Na™4sCOs. It was converted to 
Na**Cl and suitably diluted to produce an 
0.85% sodium chloride solution with an ad- 
justed pH of 7.3. The concentration of Na2* 
was 30-40 pe in each milliliter. After local 
novocaine anesthesia a 20-gauge needle was 
inserted under the lateral inferior border of 
the patella into the synovial space of the knee. 
Two milliliters of the sterile radioactive 


656 


TABLE I. Rate of Absorption of Na* from 
Synovial Space of Knee. 


% remaining 


No. after 30 min 
Men 144 X=—48.2+ 2.3 
Women (total) 24 K=—40.8+1.8 
Ist 10 days 7 NW=35.9+3.3 
2nd 10 ” 10— X= 42.1-+ 2:8 
3rd 10 ” of 7 X%— 43.8 + 3.3 


menstrual cycle 


sodium chloride were injected and the needle 
withdrawn. By means of a Geiger-Mueller 
counter tube placed 6-10 cm from the lateral 
aspect of the knee, the amount of gamma 
radiation from the knee was automatically re- 
corded on a rate meter at 2-minute intervals. 
The subject was not allowed any activity 
during the course of the experiment. All re- 
cordings were made with the leg in extension. 
Continuous observations were made over a 
40-minute period. A total of 35 healthy 
adults consisting of 12 males and 23 females 
was studied. Two of the males and one of the 
females were studied on 2 different occasions. 
None had any preceding history of arthritis 
or traumatic injury to the knee. The ages of 
the subjects ranged from 18-40 years. 


Results. This technic for the study of Na** 
clearance from the knee joint reveals that 
there is a continuous decrease of Na*™* from 
the synovial space which proceeds in an ex- 
ponential curve. Variations from individual 
to individual occur only as variations in the 
slopes of the logarithmic curves. The loga- 
rithmic concentration of Na** within the joint 
was plotted against time elapsed from injec- 
tion of Na** into the joint space. From these 
data one can determine percent remaining 
after a 30-minute period, or calculate a clear- 
ance constant from Kety’s(1) formula, K = 
(log C; — log Cy) 
0.4343 (to — t,) 
counts per minute at times t, and tz, respec- 
tively. 

In Table I the results of calculation of 
mean absorption rate are recorded. It will be 
observed that the men had a mean of 48.2 + 
2.3% remaining after 30 minutes, whereas the 
women had a mean of 40.8 + 1.8% remain- 
ing after 30 minutes. Statistical analysis of 


, where C, and Cs. equal 
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these figures reveals that this is a significant 
difference. 

When the results on female subjects are re- 
lated to the day of the menstrual cycle, it is 
observed that more rapid clearance occurs in 
the early stages of the cycle. The mean per- 
cent of Na4 remaining after 30 minutes for 
each of the 3 periods was 0-9 days: 35.9 + 
3.3%, 10-19 days: 42.1 + 2.8%, 20-28 days: 
43.8 + 3.3% (Table I). 

Because of the high degree of variability 
among the means of the group of women in 
different stages of the menstrual cycle, one 
cannot state that there is statistical evidence 
of differences. However, on the basis of the 
means alone there is some evidence of a trend 
in the rate of clearance of Na*+ during the 
menstrual period. These data suggest that 
most rapid clearance of Na** is present during 
the early phase of the menstrual cycle. 

The possibility exists that these variations 
might be attributable to a difference in ab- 
sorbing surface area within the knee joint. On 
the assumption that an estimation of body 
surface area may be proportional to the syno- 
vial surface area, a comparison of body surface 
area with Na*4 clearance was made. No cor- 
relation is found. 

A comparison of clearance of Na** from the 
synovial space with the rate of removal from 
muscle and subcutaneous tissue reveals that 
removal from synovial space is the least rapid 
(Table II). From the data obtained by 
Forbes(2) and Kety(1) it is evident that Na?* 
injected subcutaneously is removed most 
rapidly, while intramuscular injection of Na?* 
shows an intermediate clearance rate between 
subcutaneous tissue and joint space. 

Kety(1) has shown that the rate of trans- 
port of Na** from muscle is dependent on a 
constant circulation of blood. Similar ob- 


TABLE II. Comparison of Clearance of Na* 
from Various Body Sites. 


Sites of Mean K No. of ob- 
administration value Range of K servations 
Subcutaneous 104 FE -040—.150 7(2) 
Intramuscular .050 .033-.066 8(1) 
Synovial space 029 -014—.041 38 


of knee 


+ “Students” t = 2.5 which has a probability of 
about .03 if there is no difference between the means. 
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servations were made in the present investiga- 
tion on 2 subjects who developed a mild cir- 
culatory collapse immediately after injection 
of Na** into the synovial space. Continuous 
recordings of Na** concentration in the knee 
were made. During the period of faintness 
and hypotension the Na** absorption was slow. 
Upon recovery the absorption of Na+ was 
more rapid. Thus the-removal of sodium from 
the knee joint is dependent on both mem- 
brane permeability and circulation. 
Discussion. The implication of these ob- 
served variations in Na‘ clearance from the 
joint space of the knee is not clear. The pos- 
sible difference attributable to the stage of the 
menstrual cycle at which the experiment is 
carried out suggest, however, an hormonal 
control of synovial permeability to Na**. The 
experimental work done in rabbits by Seifter 
(3) supports an hormonal explanation for the 
variations of synovial permeability found in 
this investigation. When phenolsulphontha- 
lein was injected into the rabbit synovial 
space, the clearance was accelerated by parent- 
eral administration of desoxycorticosterone 
but retarded if cortisone was administered. 


Paul and coworkers(4), however, have 
failed to find any effect of cortisone and 
ACTH on synovial permeability. Utilizing 
the same methods as described by Seifter, they 
found no significant alteration of synovial 
membrane permeability unless cortisone was 
injected into the joint. ‘The use of Na®*+ may 
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obviate inherent difficulties of previous meth- 
ods described for the study of electrolyte ex- 
change across the synovial membrane(5) and 
may serve as a useful technic for the study of 
the influence of endocrine substances on joint 
physiology. 

Summary. 1. By means of injection of Na*+ 
into the knee joint, the clearance of Na** 
through the synovial membrane has been 
studied. 2. A significantly more rapid clear- 
ance of Na*+ from the knee joint occurs in 
women than in men. There is suggestive evi- 
dence that the accelerated Na** clearance in 
women depends upon an hormonal influence 
associated with the menstrual cycle. 3. Re- 
moval. of Na! from the joint space is less 
rapid than it is from subcutaneous or muscle 
tissue. 


Grateful acknowledgement is made to A. M. Dut- 
ton, for assistance in statistical analysis of the data, 
and to Herbert Mermagen, for his valuable assistance 
in instrumentation techniques. 
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Effects of Liver Fractions and Vitamin B;. on Body and Organ Weights 


of Thyroid-Fed Rats. 


(19722) 


CrLatrE E, GRAHAM, IrvING P. REICHSTEIN, WILLIAM J. WATSON, AND 
STANLEY W. Hier. 


From the Research Laboratories, The Wilson Laboratories, Chicago, IIl. 


The recent data of Ershoff(1,2), Betheil 
et al.(3,4j, and Emerson and Folkers(5,6) 
indicate that liver contains an “anti-thyrotoxic 
factor” which counteracts the growth retarda- 
tion of young rats when fed a purified diet 
containing thyroid. According to Ershoff 
(7-10), this factor is present mainly in the 


water insoluble fraction of liver (liver residue) 
and is reported to be distinct from vit. By». 
This communication confirms these reports 
and includes new data on the effects of thy- 
roid, defatted liver residue, liver concentrate 
N.F., and vit. By. on some organ weights of 
immature rats. j 
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TABLE I. Basal Diet Composition. 


Components g/1000 g 
Casein* 220 
Sucrose 715 
Salts IVt 45 
Cod liver oil 20 


Micronutrients in mg/kilo: Thiamin, 10; ribo- 
flavin, 20; pyridoxine, 10; d-Ca pantothenate, 100; 


nicotinamide, 100; imositol,_50; para amino ben- ~ 


zoic acid, 800; choline, 1000; biotin, .5; pteroyl- 
glutamic acid, 2; a-tocopherol, 142; 2-methyl 1,4- 
naphthoquinone, 142. 


* Vitamin free casein, Nutritional Biochemicals 
Corp., Cleveland, Ohio. 
+t Hegsted et al.(11). 


Procedure. Male, weanling albino rats 
weighing 35 to 45 g were kept in suspended, 
mesh-bottomed cages and weighed weekly. 
Food and water were given ad libitum. 

The composition of the basal diet is given 
in Table I. 

Supplements were added as per cent of the 
basal diet unless otherwise indicated. The 
following supplements were used: 

Thyroid U.S.P. (Wilson). 

Defatted liver residue (Wilson), insoluble 
fraction from pork liver after removal of water 
soluble substances. Dried in vacuo, extracted 
with benzol and the solvent removed in vacuo. 

Liver concentrate N.F. (Wilson), water 
soluble fraction from pork liver. 

Vitamin By, Cobione Merck. 


Results. Our results are shown in Table IT. 
In our colony 0.25% thyroid depresses 
growth sufficiently and allows many of the 
animals to live for 28 days. Addition of 10% 
defatted liver residue counteracts the effect 
of thyroid on growth and permits most of the 
animals to survive the experimental period. 
Liver concentrate N.F. or vit. By. is without 
significant effect. This confirms the pub- 
lished data of Ershoff(10). 

Our data indicate that the adrenal and 
spleen are hypertrophied while the thymus is 
atrophied as a result of thyroid feeding. The 
effect on the adrenal has been reported by 
Ershoff(12), and by Leathem and Howell 
(13). Our data show that the addition of 
defatted liver residue tends to restore adrenal 
weight to normal but does not change the en- 
larged spleen due to thyroid feeding. Liver 
concentrate and vit. By restore the spleen 


TABLE II. Effect of Liver Residue, Liver Concentrate and Vitamin Byy on Body and Organ Weights of Thyroid Fed Rats.* 


(Each experiment continued for 28 days.) 


Spleen 


Adrenal 


-— Organ wt, mg/100 g body wt (mean + S.E.) t—, 
Thymus 


Gain in body wt, g 
(mean + 8.E.) t 


No. of 
Start End exp. 


No. of rats 


Thyroid, 
Jo 


Dietary supplement 


+ 83.6 


545.5 + 76 
742.8 + 79 

549 + 30.6 
470 + 52.5 


775 


a Mon co) 
+1 +1 +1 +1 +1 


ch < OS 

a ic ois eke) 
mot iga 
mata HH 


emer) 
SE Saeed 
Sntna 
ttl tl tl 41 
coer 
1D So OO tH 
SCC anre 
= 


~eeto 


50 


31 
pes 
25 

9 


51 
51 
51 
32 
22 


12 10 19.19 
Aaa cl 


None 


Liver concentrate N.F., 4% 


Defatted liver residue, 10% 
Vitamin By, 30 wg/kg 


None 
None 


2.5 mg of lyxoflavin per kg of diet was without effect on weight loss due to thyroid feeding, We are indebted to Dr. Karl 


* Tn one experiment 1 
Folkers of Merck and Co. for crystalline lyxoflavin employed. 


where ‘‘d’’ is the deviation from the mean and ‘‘n’’ is the number of experiments. 


Bee 
¥ (n) (1-1) 


+ Stand. error 
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weight to normal. Neither vit. By. nor liver 


concentrate has an effect on the enlarged: 


adrenal. 

Atrophy of the thymus due to thyroid feed- 
ing on a soy bean diet has been previously 
reported from this laboratory(14). It has 
also been produced by Leathem and Howell 
(13). In our experiments the addition of 
defatted liver residue restores the thymus 
weight to normal. Liver concentrate has a 
similar effect on the thymus, whereas vit. Bye 
is without effect. 

Discussion. Our data, using a large number 
of animals, confirm the work of others that 
liver residue counteracts the growth retarda- 
tion of young rats when fed a purified casein 
diet containing thyroid. The effect is not due 
to vit. By since the addition of 30 yg of this 
vitamin or 40 g of liver concentrate N.F. con- 
taining 120 pg of cyanocobalamin activity to 
a kilo of food is without effect. Ten per cent 
of defatted liver residue which contributes 
only 20 pg of cyanocobalamin activity per 
kilo of food is effective. 

Liver concentrate is as effective as defatted 
liver residue in restoring the atrophied thymus 
to normal. In these experiments vit. Bys is 
ineffective, which is contrary to results ob- 
tained in this laboratory using a soy bean diet 

_ (14). A difference in basal diet may account 
for these results. 

The effect of liver concentrate on the spleen 
may be due to its By3°content since this vita- 
min restores spleen size to normal in our 
experiments. 

Experiments are in progress comparing de- 
fatted liver residue with other materials as a 
source of “‘antithyrotoxic factor.” Emerson 
and Folkers(6) reported antithyrotoxic ac- 
tivity for lyxoflavin on a thyroid-soy bean 
diet. We have fed 12.5 mg of lyxoflavin per 
kg of diet and observed no effect on weight 
loss due to thyroid feeding. This disagree- 
ment between laboratories may be due to a 


a> 


659 


difference in basal diets employed. 

Summary. Addition of thyroid to a casein- 
sucrose diet retards growth, causes hyper- 
trophy of adrenal and spleen and atrophy of 
the thymus. Feeding 10% of defatted liver 
residue counteracts growth retardation and 
restores the adrenal and thymus weights to 
normal. It is without effect on the spleen. 
Liver concentrate N.F. has very little effect 
on growth or on the adrenal, but does tend 
to restore the thymus and spleen to normal. 
Vit. Bis is without effect except in respect 
to the spleen where'its prevents hypertrophy 
of this organ due to thyroid feeding. Lyxo- 
flavin was found to have no antithyrotoxic 
effect on our diet. 


The authors wish to express their appreciation to 
Dr. David Klein for his interest and support and 
to Joan Michalski for technical assistance. 
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Effect of Sub-lethal Total Body X-radiation on Susceptibility of Mice to 


Clostridium septicum Toxin.* 


(19723) 


F. L. ApLERt ANp I. L. SHECHMEISTER. (Introduced by C. G. Harford.) 


From the Department of Microbiology, Washington University School of Medicine, St. Louis, Mo. 


Numerous workers have investigated the 
effect of exposure to large doses of X-radiation 
on the ‘susceptibility of animals to experi- 
mental infection with bacterial(1,2), viral 
(3,4), and rickettsial(5) agents. It has been 
found that irradiated animals generally, but 
not always, developed clinical symptoms or 
succumbed, when given doses of these viable 
agents which were too small to lead to the de- 
velopment of clinical disease in non-irradiated 
control animals. The enhanced susceptibility 
of irradiated animals has been attributed to 
the deleterious effects of exposure to large 
doses of X-rays in bringing about 1) lowered 
peripheral granular leucocytes and lympho- 
cyte counts, 2) suppression of bone marrow 
and lymphatic tissue elements, 3) inhibition of 
antibody production, 4) altered activity of the 
fixed and wandering phagocytic cells, and 5) 
altered local tissue immunity. For pertinent 
reviews, the reader is referred to the papers of 
Taliaferro and Taliaferro(6), Craddock and 
Lawrence(7), and Shields Warren(8). The 
impediment of lymphatic blockade, and of the 
screening action of liver and spleen has also 
been held responsible(9). 

The use of agents which multiply in the 
host before and during the period of clinical 
disease entails a series of complicating factors 
which make it difficult to deduce from experi- 
mental results the possible causes of the en- 
‘ hanced susceptibility of irradiated animals. 
A bacterial toxin appeared to be a somewhat 
less complicated tool for the study of suscep- 
tibility changes in irradiated animals. The 
toxin of Clostridium septicum was selected for 
this study because of the practical interest 
inherent in the problem of gas gangrene in 
man or animals previously exposed to ionizing 
radiation. This agent also offered the advan- 
tage of relatively rapid action(10), a factor 


* This investigation has been supported, in part, 
by the U. S. Atomic Energy Commission. 

1 Current address: Department of Medicine, Har- 
vard Medical School, Boston, Mass. 


of some importance. in the study of the causes 


of radiation-induced increases in susceptibility 
in view of the findings that the rate of re- 
covery from radiation damage of different 
tissues and functions proceeds at dissimilar 
rates, and that the time lapse between irradia- 
tion and infection is a critical factor in gen- 
eral(11). 

Materials and methods. Female albino mice 
5 to 6 weeks of age, from a single source 
(Rockland Farms) were used throughout these 
experiments. The method employed for ex- 
posure to X-rays was described in detail else- 
where(12). Briefly, the radiation factors 
were as follows: 200 KVP, 20 ma, tsd 75 cm, 
filter 0.25 mm Cu and 1 mm Al, HVL 0.75 
mm Cu, output approximately 21 r per minute 
measured in air. 

The authors are indebted to Dr. H. A. Dett- 
wiler of Eli Lilly and Co., for a supply of 
dried Clostridium septicum toxin (“Vibrion, 
L-8392-C”’), of specific horse-antitoxin (‘‘Vi- 
brion, No. 433515”), and a culture of C. sep- 
ticum (No. 585). While the same lot of anti- 
toxin was used in all experiments, both the 
dried toxin and freshly prepared toxic filtrates 
were employed. 

In preparing toxin, a medium consisting of 
proteose No. 3 broth (proteose peptone No. 3, 
Difco, 20 g; NaCl, 5 g; NasHPO,, 5 g; dis- 
tilled water, 1,000 ml) was poured over a 
shallow layer of defatted horse meat in an 
Erlenmeyer flask and was autoclaved for one 
hour at 20 lb pressure, cooled rapidly, and 
inoculated with 5 ml of a 24-hour broth culture 
of C. septicum for each liter of medium. Suf- 
ficient sterile 40% glucose solution was added 
to raise the concentration of glucose in the 
medium to 0.2% at the beginning of the in- 
cubation period, to 1% after 18 hours of incu- 
bation, and finally to 2% after 24 to 30 hours 
of incubation.*+ After 24 hours of incubation 


+ The gradual increase in glucose concentration 
was suggested in a personal communication from 
Dr. H. A. Dettwiler. 
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TABLE! I. 


A. LDso of Clostridium septicum toxin for irradiated and non-irradiated control mice. 


———Miee, dead/total, after inoculation of indicated amount of toxin (m]l)——\, 


03 (405 = 06. -— 207 08; 5.09 WO Sebo 16 18 20 
X-rayed* Oar k/fd, > sh /3 1/3 2/3 2730 NS 2/3) “3/84 “3/3. 3/d ~ ofa (3/8 
Control Osman suna/3o=0/3= . 0/30/38) 0/8 % 0/38). 1/30" 178 52/3" 32/30. 3/3 
LDs 9X (X-rayed): .07 ml 
LDs5oN (Control): .15 ml 
B. PDs of specific antitoxin in mice injected with .20 ml of toxin. 
Mice, dead/total, after injection of antitoxin 
Reciprocal of antitoxin dilution t 
20: 40 80 160 320 640 1280 2560 Normalserum} 
X-rayed* 1/16 0/6 3/6 3/6: 4/6 6/6 - 6/6 5/5 
Control 0/6 0/6 1/6 076 0/6 -3/6 4/6 4/6 6/6 


PDs 9X (X-rayed): 1.97 < 10-* ml 


PDs oN (Control) : 


5 >< 10 ml 


* 350 r total body X-radiation 6 days before administration of antitoxin, and 7 days before 


injection of toxin, respectively. 


+ Antitoxin diluted in normal horse serum 1:20. 


t Normal horse serum 1:20. 


at 37°C samples were removed at approxi- 
mately 2-hour intervals and were titrated for 
their hemolytic activity against sheep eryth- 
rocytes(13). The toxin was harvested by 
centrifugation and was filtered through a Seitz 
sterilizing pad when no further increases in 
the hemolytic activity of the culture were 
noted. The sterile filtrates were stored at 
4°C for no longer than one week and showed 
little deterioration during this storage period. 


Solutions of the dry toxin, as well as dilu- 
tions of the filtrates were prepared in pro- 
teose No. 3 broth just prior to their use in 
animal inoculations. Dilutions of antitoxin 
were prepared in a 2% solution of normal 
horse serum in physiological saline solution. 
The toxin was given routinely by the intra- 
peritoneal route (0.5 ml of the various dilu- 
tions), while antitoxin was given intramuscu- 
larly (0.5 ml). i 


Since most of the animals which received 
one or more lethal doses of toxin died within 
24 hours after injection, and because generally 
no deaths occurred later than 48 hours after 
injection of the toxin, all experiments were 
terminated 4 days after toxin had been given 
to the animals. 

In titrations of LD;9 dose of toxin and 
PD;0' dose of antitoxin, 3 to 4 mice were used 
for each dose in those experiments in which 


-5 ml aliquots were given intramuscularly. 


the dose-increment was kept very small; in 
other experiments 6 to 8 animals were used for 
each dose. Both LD; 9 and PDs» values were 
calculated according to the method of Reed 
and Muench(14). 

Experimental. Shown in Table I are a 
protocol and representative data of LDso and 
PD; titrations of C. septicum toxin and anti- 
toxin in irradiated and in non-irradiated con- 
trol mice. It may be seen that the LDso 
dose of this particular lot of toxin was approxi- 
mately 0.07 ml for mice which had been ex- 
posed to 350 r total body X-radiation 7 days 
before the test, while the LD; for the control 
animals was approximately 0.15 ml. Addi- 
tional results of LDso titrations in mice ir- 
radiated with 250 or 350 r one week before 
the test have been summarized in Table 
II, together with the results of titrations in 
non-irradiated control mice. It appears that 
under the conditions of these experiments ir- 
radiated mice consistently succumbed to 
smaller amounts of toxin than did the non- 
irradiated controls. The ratios of LD-» doses 
for control and irradiated animals ranged from 
1.2 to 2.3. The higher ratios were charac- 


§ The term PD., (protective dose =)) is used to 
denote the smallest amount of anti-toxin which pro- 
tects 50% of the animals exposed to an arbitrary 
challenge dose of toxin. 
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TABLE Il. LDs9 and PDso Doses of C. septicum Toxin and Antitoxin in X-irradiated and in Control 


Mice. 
7——  LD5 for ——, Challenge 

Toxin Normal Irradiated dose of PDs 9 for nor- ,—PDso for irradiated mice—,  _% dif- 
preparation mice mice toxin malmice,ml Observed,ml Expected,* ml ferencet 
1 .66 mg .29 mgt i emg a7 LK 10 S25 >¢ LOST, Velo eG + 6.6 
2 .15 ml .07 ml ¢ .20 ml ayy MS eI i Die LOT X04, LAS S102 +24.8 
3 SA NT aan a2 ee 5.35 X 107 8.83-K T0Ss|| 8.56 x 10s + 3.1 

3 eon sami) 40.” 2080S ae LOSI 2.52 Seles —16 


* Expected PDs 9 for irradiated mice=PD5,9 for normal mice X 


challenge dose-LD;o for irrad. mice 


challenge dose—LD 59 for normal mice 


(observed — expected) PDs for irradiated mice 


100. 


+ % difference = 


observed PD; for irradiated mice 
t Mice challenged 7 days after exposure of the entire body to 350 r. 
§ Mice challenged 7 days after exposure of the entire body to 250 r. 
{350 r total body x-radiation 6 days before administration of antitoxin, and 7 days before inj of 


toxin, respectively. 


|| 250 r total body x-radiation 6 days before administration of antitoxin, and 7 days before inj of 


toxin, respectively. 


teristically found when LD; doses for mice 
exposed to 350 r were compared with similar 
values for the normal animals. 

It may also be seen from the results pre- 
sented in Table I that more antitoxin was 
required to protect irradiated mice against an 
arbitrary lethal dose of toxin than was needed 
for the protection of control mice which re- 
ceived the same amount of toxin. In this par- 
ticular experiment the PD; dose of antitoxin 
for irradiated mice was about 2.9 times greater 
than the PDs 9 dose for control mice. In 
similar titrations, summarized in Table IT, the 
ratio of PDs 9 doses for irradiated and for 
control mice varied from 1.1 to 2.2. 

These results indicated that exposure of the 
animals to X-radiation resulted in injury 
which increased the susceptibility of the ani- 
mals to the toxin of C. septicum, and that 
more antitoxin had to be given to irradiated 
mice than to non-irradiated mice in order to 
protect the animals from death when an arbi- 
trary lethal dose of toxin was injected. 

Discussion. The finding of increased sus- 
ceptibility to the toxin of C. septicum among 
mice which had previously been exposed to 
sub-lethal X-radiation is consistent with the 
observation that previously irradiated animals 
generally appear to be more susceptible to a 
great number of different pathogenic agents. 
That the difference in LD; doses of this toxin 
for irradiated mice and for non-irradiated con- 
trol animals was not of the order of magnitude 


encountered in similar experiments with cer- 
tain viable bacterial agents(1,2) may indicate 
that anti-bacterial defense factors are more 
severely damaged by X-radiation than are 
antitoxic defenses. 

The fact that more antitoxin was required 
for the protection of previously irradiated 
mice might have been the result of radiation- 
induced damage to the factors and mech- 
anisms responsible for the distribution and dis- 
position of parenterally introduced foreign 
proteins (antitoxin in this case). On the 
other hand this observation might merely 
have reflected the greater susceptibility of 
irradiated mice to the lethal action of toxin. 
It could be expected that irradiated mice 
would require more antitoxin for their pro- 
tection because in their case more of the toxin 
contained in the challenge dose needed to be 
neutralized. 

It may be seen from Table II that the 
amount of antitoxin required to, protect 50% 
of non-irradiated control mice against 0.40 ml 
of a particular preparation of toxin (prepara- 
tion 3) was 2.08 x 10° ml while 5.35 x 10+ 
ml of antitoxin sufficed to protect 50% of a 
similar group of mice against 0.25 ml of the 
same toxin. Since the PDs 9 dose of antitoxin 
may be considered to be the smallest amount 
which neutralizes, im vivo, all but one LDso 
dose of the arbitrary challenging dose of toxin, 
and since the LD;o dose was found to be 0.21 
ml of this preparation of toxin, one may cal- 
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culate that 5.35 x 10+ ml of antitoxin were 
required to neutralize 0.25-0.21, or 0.04 ml of 
toxin. It may then be predicted that mice 
challenged with the larger dose of toxin 
(0.40 ml) would require 5.35 x 10* x 
0.40—0.21 
0.25—0.21 
PDs» dose. This expected amount of antitoxin 
approached closely the experimentally ob- 
served value of 2.08 x 10° ml (a difference of 
22%), and therefore appeared to warrant sim- 
ilar calculations of expected PD5o values in ir- 
radiated mice. These calculations were based 
on the assumption that irradiated mice, tested 
under the conditions of these experiments, 
were as capable of utilizing passively admin- 
istered antibody as were the corresponding 
non-irradiated control mice. 


It may be seen from Table II that the pre- 
dicted PDs5o values differed by no more than 
25% from the experimentally observed values. 
In view of the errors inherent in the calcula- 
tions of LDs9 and PDso doses, even the great- 
est difference between expected and observed 
values encountered in these experiments ap- 
peared to lack significance. The data there- 
fore appear to support the hypothesis that 

irradiated and non-irradiated control mice do 
not differ from each other in their ability to 
utilize antibody. 

Though other results obtained in this lab- 
oratory(2) indicated that the difference in 
LD;o doses of tetanus toxin for irradiated and 
non-irradiated mice is, like that of C. septicum 
toxin, only 2- to 3-fold, further data would be 
required to establish the validity of such a 
generalization for susceptibility to the action 
of bacterial toxins. It appears possible, how- 
ever, that X-radiation may not necessarily re- 
sult in selective severe damage to antibacterial 
defenses, but that exposure to sublethal X-ray 
may rather lead to modifications of host tis- 
sues or enzyme systems which might result in 
the production of a more favorable environ- 
ment for the propagation and spread of viable 
agents. > 

The efficacy of passive serum prophylaxis 
against C. septicum toxin in animals which 
had received large, though sublethal doses of 
X-rays is of obvious practical value if these 
findings were to hold equally true for exposure 


, or 2.54 x 10° ml of antitoxin as 
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to other ionizing radiations, and to animals 
other than mice. It should be noted that the 
antitoxin was given 6 days after exposure of 
the mice to X-radiation, and that at this par- 
ticular post-irradiation time increases in cap- 
illary permeability were presumably quite 
pronounced(15). It is interesting to observe 
that, in spite of the presumptive “leakage” of 
antibody from the circulatory system(16), the 
animals could be effectively protected with 
amounts of antitoxin which were not greatly 
in excess of those required for the protection 
of non-irradiated control mice, and that the 
difference in the PDs doses for irradiated and 
control mice could well have been due to the 
fact that, since irradiated mice succumbed to 
smaller amounts of (not neutralized) toxin 
than the controls, a greater proportion of the 
challenge dose of toxin needed to be neutral- 
ized in the case of irradiated animals. 
Summary and conclusions. Total body ex- 
posure to 250 and 350 r reduced the resistance 
of mice so that animals injected 7 days after 
irradiation succumbed to approximately one- 
half the amount of C. septicum toxin which 
was required to kill non-irradiated control 
mice. Antitoxin given intramuscularly 6 days 
after irradiation, and one day before challenge 
with toxin, protected the life of both irradiated 
and control mice. Irradiated mice required 
from 1.1 to 2.2 times more antitoxin for their 
protection than did control animals. The in- 
creased antibody requirement of irradiated 
mice could be explained by the enhanced sus- 
ceptibility to toxin of these animals. The re- 
sults indicated that exposure to severe doses 
of X-radiation, in spite of its effects on capil- 
lary permeability, apparently fails to signifi- 
cantly raise the minimum amount of antibody 
required for effective antitoxic prophylaxis. 


The authors gratefully acknowledge the coopera- 
tion of Dr. Hugh M. Wilson of the Mallinckrodt 
Institute of Radiology in making available the facili- 
ties for irradiation of animals. 
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Effect of Administration of Amino Acids on Circulating Eosinophils and 


Lymphocytes in Normal and Adrenalectomized Rats. 


(19724) 


Meyer M. Harris AND BERNICE LANG. 


From the Department of Internal Medicine, New York State Psychiatric Institute, New York City. 


It has been known for some time that 
glutamic acid is the only amino acid that in- 
creases the oxygen consumption when added 
to nervous tissue im vitro(1,2). Weil-Mal- 
herbe(3) has made the claim that the thera- 
peutic effect of the administration of glutamic 
acid in certain diseases of the central nervous 
system as reported by some investigators(4) 
was due to the liberation of adrenalin and not 
to the unique behavior of this amino acid on 
nervous tissue. (The controversy regarding 
the therapeutic efficacy of glutamic acid is 
outside the scope of this paper.) Since it has 
been shown that adrenalin will produce an 
eosinopenia and lymphopenia in animal and 
man(5-8), it was thought that similar effects 
should be produced by the administration of 
glutamic acid if the claim of Weil-Malherbe 
were correct. 

A study was made of the effect of the oral 
administration of various amino acids and 
water or 0.5% saline on the blood picture of 
a group of white rats before and after ad- 
renalectomy. 

Procedure and methods. Each of a group 
of 12 male rats weighing approximately 200 g 
at start of the experiment was given 5 ml of 
a 5% solution of l-glutamic and l-aspartic acid 
as their mono-sodium salts, glycine, dl-a 


alanine and water by stomach tube with a rest 
period of several days between the administra- 
tion of each of these constituents. The rats 
were not fasted overnight. The food was re- 
moved from the cages at 9 a.m. before the 
experiments were started. Water was allowed 
ad lib. The tail of the rat was warmed in 
water and blood was obtained by cutting the 
lateral vein of the tail near its distal end with 
a razor blade. Blood counts were made im- 
mediately before and 4 hours after the ad- 
ministration of the test material. A complete 
series with the various substances was carried 
out on each rat and the blood eosinophil count 
was determined by the method of Randolph 
(9). The complete series was then repeated 
on the same rats and total white, differential, 
and total lymphocyte counts were made. 
After completion of the 2 series the same rats 
were adrenalectomized and the same tests 
were repeated. Thus each rat was subjected 
to 20 experimental tests. Three of the 12 rats 
were lost as a result of the operation. 

The adrenalectomized rats were given 5% 
glucose in physiological saline solution for 
drinking and the amino acids were dissolved 
in 0.5% saline instead of water. The rats 
were treated, otherwise, in the same manner as 
before adrenalectomy except that during the 
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CHANGES IN CIRCULATING EOSINOPHILS AND LYMPHOCYTES FOUR HOURS AFTER 
ORAL ADMINISTRATION OF VARIGUS AMINO ACIDS AND WATER 
TO NORMAL RATS 


PER CENT CHANGE 


4-hour experimental period the drinking water 
was replaced by 0.5% saline. The 9 adrenal- 
ectomized rats appeared well throughout the 
period of the experiments. In only one animal 
a very small adrenal rest was found on 
autopsy. ; 

The effect of the administration of each 
amino acid on the per cent change in the ab- 
solute number of circulating eosinophils and 
lymphocytes was compared with that of water 
or saline as control for each rat. The data 
were analyzed statistically for significance. 

Observations and results. Changes in the 
level of blood eosinophils. The administration 
of glutamic and aspartic acid resulted in a 
depression of the absolute eosinophil count in 
all of the normal animals but one in each 
group. The fall ranged from 7% to 67% in 
the former and from 11% to 60% in the 
latter with a mean of 36% and 35%, respec- 
tively. The per cent change in the absolute 
eosinophil count was compared for each rat 
against its water control and the statistical 
significance of the difference gave a value of 
P <0.01 and P <0.05, respectively. The 
administration of water, glycine and alanine 
gave marked plus and minus changes in the 
absolute eosinophil count (Fig. 1) and the 


FIG. 1. Each point represents result of a test on each of 12 rats. Black dots represent % 
change in circulating eosinophils from the initial level, and open circles that of % change in 


level of circulating lymphocytes. Heavy horizontal bars mark the mean values. P values greater 
than .05 were not considered statistically significant. 


LYMPH. 


changes due to these amino acids were not 
statistically significant. 

Following adrenalectomy the administration 
of glutamic and aspartic acid was followed by 
a fall in the absolute eosinophil count except 
for one animal in each group which showed 
no change and one animal in the latter group 
which had a rise of 5%. The mean of the 
per cent change was minus 30.1% and minus 
18%, respectively. These means were some- 
what smaller than those obtained prior to 
adrenalectomy. The statistical significance of 
the changes compared against saline gave P 
<0.01 (Fig. 2). The administration of 0.5% 
saline, glycine and alanine to the adrenalecto- 
mized rats again showed marked plus and 
minus changes in the eosinophil count and the 
effects of these amino acids were not statisti- 
cally significant (Fig. 2). Thus the adminis- 
tration only of glutamic and aspartic acid 
produced a statistically significant change in 
the eosinophil count both before and after 
adrenalectomy although it was somewhat 
greater prior to adrenalectomy especially in 
the case of aspartic acid. 

Changes in the blood level of lymphocytes. 
The administration of glutamic and aspartic 
acid was accompanied by a depression of the 
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CHANGES IN CIRCULATING EOSINOPHILS AND LYMPHOCYTES FOUR HOURS AFTER 
ORAL ADMINISTRATION OF VARIOUS AMINO ACIDS AND SALINE 
TO ADRENALECTOMIZED RATS 


GLUTAMATE 


LYM 


PER CENT CHANGE 


50 


VALUE OF P 
FIG. 2. 


absolute lymphocyte count in all of the normal 
animals except in 2 of the former in which 
there was a slight rise. The mean of the per 
cent change was minus 20.7% and 23.8%, 
respectively. The per cent change for each 
rat compared with its water control was statis- 
tically significant with P <0.05 and P <0.01, 
respectively, for glutamic and aspartic acid. 

The administration of water, glycine and 
alanine was accompanied by marked plus and 
minus changes in the absolute lymphocyte 
count (Fig. 1) which were not statistically 
significant. 

Following adrenalectomy the administration 
of aspartic acid was accompanied by a depres- 
sion of the lymphocytes in all the animals with 
a mean value of the per cent change equal to 
17.7% as compared to 23.8% before adrenal- 
ectomy. The P value calculated as above 
against saline was P <0.05 (statistically sig- 
nificant). Glutamic acid administration, how- 
ever, was followed by marked plus and minus 
changes in the lymphocytes with a mean value 
of the per cent change equal to plus 0.9% and 
was not significant. This was in marked con- 
trast to the effect on the eosinophils. The 
changes following glycine and alanine were not 
statistically significant (Fig. 2). 

Discussion. ‘The finding that the oral ad- 
ministration of sodium glutamate to normal 


Legend is the same as in Fig. 1 except that only 9 animals remained alive after 
adrenalectomy. 


rats produces a statistically significant depres- 
sion of the blood eosinophil level, as compared 
to the effect of water, would be in harmony 
with the view of Weil-Malherbe(2) that glu- 
tamic acid stimulates adrenalin secretion. 
However, since a similar effect is produced in 
the same animals after adrenalectomy, it is 
obvious that some mechanism, other than ad- 
renalin secretion and stimulation of the 
pituitary-adrenocortical system, accounts in 
large part for the observed effect. Were one 
to use the change in the lymphocyte count as 
an indicator, the absence of a statistically sig- 
nificant fall in the lymphocytes in the adrenal- 
ectomized rats would lend support to the view 
of Weil-Malherbe. (Studies on adrenal de- 
medullated rats are being planned for further 
elucidation). However, since the administra- 
tion of aspartic acid produced a statistically 
significant depression in the level of both cir- 
culating eosinophils and lymphocytes in the 
normal and adrenalectomized state, it is ap- 
parent that other mechanisms, besides ad- 
renalin secretion and stimulation of the pitui- 
tary adrenocortical system, must play a role 
in affecting the level of these blood constitu- 
ents. It is possible, however, that the lesser 
effects produced by glutamic and aspartic acid 
in the adrenalectomized animals indicate that 
part of their effects are produced through the 
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adrenals and perhaps via adrenalin secretion. 


It is hoped that further studies on adrenal | 


demedullated rats may throw some light on 
this point. 

The mechanisms which account for the dif- 
ference between the mono and dicarboxylic 
amino acids and between glutamic and as- 
partic acid are obscure at present. It may be 
of interest to note that Awapara(10) has re- 
ported that the adrenals appear to play some 
significant role in the metabolism of the dicar- 
boxylic amino acids. 


Summary and conclusions. 1. A study was 
made to determine whether the oral adminis- 
tration of glutamic acid produced an increased 
secretion of adrenalin by employing the 
changes in the blood eosinophil and lympho- 
cyte level as indicators. 2. Glutamic acid, 
aspartic acid, glycine, alanine, and water or 
saline were administered to a group of white 
rats before and after adrenalectomy and the 
effects on the levels of the blood eosinophils 
and lymphocytes were determined. 3. Only 
the dicarboxylic amino acids produced a sta- 
tistically significant depression of the eosino- 
phils in the normal and adrenalectomized 


667 


animals. However, in the latter animals the 
lymphocytes also were depressed by aspartic 
acid but not by glutamic acid. 4. The results 
obtained in adrenalectomized rats showed that 
the levels of the blood eosinophils and lympho- 
cytes could be influenced by other mechanisms 
than the pituitary-adrenal system. 5. The 
possible significance of the small difference ob- - 
served between normal and adrenalectomized 
rats regarding eosinophil changes is discussed. 
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Effects of Adrenal Ligation and Adrenergic Blockade on Pressor 


Responses to Acetaldehyde in Dogs.* 


(19725) 


ALBERT FEINGOLD. (Introduced by Earl R. Loew.) 


From Boston University School of Medicine, Boston, Mass. 


The use of tetraethylthiuram disulfide 
(Antabuse) in the treatment of chronic al- 
coholism has stimulated interest in the mech- 
anisms involved in the Antabuse-alcohol re- 
action. At the present time, it is believed 
that the acetaldehyde formed from ingested 
alcohol produces the symptoms of the Anta- 
buse-alcohol reaction in which hypotension is 
characteristic(1). Nelson(2) has shown that 
acetaldeh}de causes a transient pressor re- 
sponse in dogs after both carotid arteries are 


* The materials required for this work were made 
available through the kindness of Professor George 
L. Maison, Dept. of Pharmacology, Boston Univ. 
School of Medicine. 


clamped, the vagus nerves sectioned, the ad- 
renal vessels ligated, and after ganglionic 
blockade induced by nicotine. Reversal of the 
pressor response by the adrenergic blocking 
drug 2-(N, p-tolyl-N [m’ oxyphenyl] amino- 
methyl) imidazoline (C-7337) has been dem- 
onstrated by Christensen(3) to occur in the 
intact anesthetized dog. 


These observations indicate that acetalde- 
hyde is a peripherally acting drug. The pres- 
ent experiment was undertaken to confirm 2 
aspects of the evidence: 1) that the pressor 
response is not due to the release of epineph- 
rine from the adrenal medulla; 2) that the 
pressor response is reversed by an adrenergic 
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TABLE I. Effect of Adrenal Ligation and SY-28 on Blood Pressure Responses to Epinephrine 
and Acetaldehyde in Dogs. 


Mean dose &S.D. Mean pressor Mean dose & Mean pressor 


l-epinephrine response & S.D. acetalde- response & 
Procedure tartrate, y/kg S.D., mm Hg hyde, mg/kg S.D.,mm Hg ~ 
Before adrenal ligation 4.67 + 2.76 70 + 41.8 ; 9.37 + 1.76 45.7. TS 
After adrenal ligation 4.07 + 3.31* 57.4 + 41.8* 9.37 + 4.96 24 + 7.738 
Mean depressor ‘ Mean depressor 
response & response & 
S.D., mm Hg S.D., mm Hg 
Aftert adrenal ligation 11+ .86 28.5 + 19.2 8.25 + 3.46 22.5) = eae 


& after SY-28 


* Seven observations. 


+ Four experiments; all other data represent 8 experiments. 


blocking agent after ligation of the adrenal 
vessels. 


Procedure. In 4 male and 4 female dogs 
anesthetized with pentobarbital sodium (ap- 
proximately 30 mg/kg) the right common 
carotid artery and right femoral vein were 
cannulated. Blood pressure was recorded by 
a mercury manometer. Prior to and following 
a one-stage bilateral ligation of the adrenal 
vessels, acetaldehyde (Mallinckrodt), and 
l-epinephrine tartrate were given intraven- 
ously as statim injections. After the second 
series of injections, the adrenergic blocking 
agent N-(2-bromoethyl)-N-ethyl-1-naphtha- 
lenemethylamine * HBr (SY-28) was admin- 
istered intravenously over a period of 10 
minutes to 2 male and 2 female dogs at a 
dosage of 1 mg/kg. Fifteen minutes later 
presence of adrenergic blockade was tested by 
injecting l-epinephrine tartrate. When block- 
ade was complete, as shown ‘by epinephrine 
reversal, acetaldehyde was given. The com- 
pleteness of the adrenal ligation was confirmed 
at autopsy in all animals. 


Results. The results of these experiments, 
presented in Table I, indicate that acetalde- 
hyde causes a pressor response in dogs before 
and after the adrenal vessels are ligated. Fol- 
lowing the adrenal ligation, the pressor re- 


sponse is reversed by an adrenergic blocking 
agent. 

Discussion. This experiment confirms the 
observation of Nelson(2) that the pressor re- 
sponse to acetaldehyde is not wholly due to 
the release of epinephrine from the adrenals. 
Moreover, the pressor response is reversed by 
SY-28 after the adrenal vessels are ligated. 
The fact that statim injections of acetaldehyde 
and its continuous administration as a volatile 
anesthetic(4) produce a rise in blood pressure 
in dogs is at variance with the present belief 
that acetaldehyde causes the hypotension of 
the Antabuse-alcohol reaction in humans. 

Summary. 1. The pressor response to 
acetaldehyde in dogs is not wholly due to the 
release of epinephrine from the adrenals. 2. 
The pressor response to acetaldehyde is re- 
versed by the adrenergic blocking drug SY-28 
following bilateral ligation of the adrenal 
vessels. 
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Effect of Cortisone Acetate on Growth of Strain Specific Tumors in 


Alien Strains of Mice. 


E. J. Foury. 


(19726) 


(Introduced by R. Tislow.) 


From the Scientific Research Division, Schering Corporation, Bloomfield, N. J. 


In a previous publication(1) experiments 
were described in which CF; mice implanted 
with lymphosarcoma 6-C3H-Ed (originating 
in C3H mice) and treated with cortisone 
acetate died of progressive growth of the 
tumor. Similar observations were made by 
Howes(2) who described progressive growth 
of adenocarcinoma EO771 and 775 (originat- 
ing in C57 mice) when transplantations were 
made to Rockland Swiss mice treated with 
cortisone acetate. The present report de- 
scribes further studies on the effect of corti- 
sone acetate in promoting the growth of lym- 
phosarcoma 6-C3H-Ed in CF; mice and at- 
tempts to induce progressive growth of this 
and other strain specific tumors in other alien 
strains of mice treated with cortisone acetate. 

Materials and methods. CF, and AKM 
mice were obtained from Carworth Farms and 
ZBC mice from the surplus stock of Dr. J. J. 
Bittner. C3H (He), DBA-2, C57 Black, 
A (Lilly), and A (He) mice and all of the 


tumors except the Patterson lymphosarcoma, : 


which was supplied by Dr. C. C. Stock, were 
obtained from the Jackson Memorial Labora- 
tory. Routine passage of the tumors was 
made in mice for which the tumor is specific, 
(lymphosarcoma 6-C3H-Ed and _ adenocar- 
cinoma C3H-BA in C3H (He), lymphatic 
leukemia P-1534 in DBA-2, adenocarcinoma 
BHO771 in C57 Black and the Patterson lym- 
phosarcoma in AKM mice). Young adult 
mice of both sexes were used. In most ex- 
periments, cortisone was given subcutaneously 
aS an aqueous suspension of the acetate in 
0.25 ml volumes. The animals were palpated 
3 times a week to determine growth behavior 
of the tumor. Additional details are given in 
connection with the experiments. 
Experimental. CF, mice implanted with 
lymphosarcoma 6-C3H-Ed taken from C3H 
mice develop large tumors which reach their 
maximum size in about 2 weeks, after which 
rapid regression (usually complete in 2-4 
days) takes place. Such mice are immune to 


reimplantation of the tumor. Similar im- 
munity develops in CF,-mice implanted with 
mixtures of spleen, lymph-node and thymus 
tissue from C3H mice. These observations 
suggested that lymphosarcoma 6-C3H-Ed 
grows progressively in cortisone treated CF; 
mice because such treatment interferes with 
the normal development of immune responses. 
The following experiment shows that the im- 
munity which develops following implantation 
of lymphoid tissues from C3H into CF; mice 
is impaired by intensive treatment with cor- 
tisone acetate. Twenty CF, mice were im- 
planted by trocar with fragments of spleen, 
lymph-node and thymus subcutaneously on 
the left flank. Beginning on the same day, 
10 of the mice were begun on a course of treat- 
ment with cortisone acetate. Daily doses of 
40 mg/kg were given for 7 successive days. 
Ten of the mice remained untreated. Ten 
days following implantation of the lymphoid 
tissue, all 20 mice and an additional 10 con- 
trols were implanted by trocar in the right 
flank with lymphosarcoma 6-C3H-Ed. The 
cortisone treated and the normal control mice 
developed large tumors, which in due course 
regressed; the mice implanted with lymphoid 
tissue and which received no cortisone failed 
to develop palpable tumors. These results 
are shown in Exp. 1 in Table I. 

Experiments were made to determine 
whether the immunity developed by CF; mice 
in which lymphosarcoma 6-C3H-Ed had re- 
gressed could be destroyed by cortisone acetate 
treatment. Groups of such immune mice 
were treated according to different dosage 
schedules with cortisone acetate. In no in- 
stance was the immunity abolished, as is 
shown in Exp. 2 in Table I. 

The finding that intensive treatment sup- 
presses the development of the immunity of 
CF, mice induced by implantation of tissues 
from C3H mice (Exp. 1) suggested that serial 
passage of lymphosarcoma 6-C3H-Ed through 
groups of CF, mice treated with cortisone 
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TABLE I. Effect of Cortisone Acetate Treatment on Immunity of CF, Mice to Lymphosarcoma 
6-C3H-ED. 
Immune to 
No.of lymphosarcoma 
Experimental procedure Treatment mice 6-C3H-ED 
Exp. 1 
40 mg/kg/day for 7 days 10 0* 
Implanted with a mixture of spleen, beginning on day of-tis-~> 
lymph-node and thymus tissue frag- j sue implantation. 
ments from C3H mice 
No treatment 10 10 
Normal CF, ‘ ? 10 0 
Exp. 2 
{ 40 mg/kg/day for 5 sue- 8 8 
cessive days. Tumor im- 
planted 3 days after 
last dose was given. 
| Treated for 7 days. Tu- 8 8 
Mice immune as a result of regression mor implanted on day 
of previously implanted lymphosar- { last dose was given. 
coma 6-C3H-ED 
Treated for 3 days. Tu- 13 13 
mor implanted & treat- 
ment continued for 7 
additional days. 
| No treatment 8 8 
Normal CF, mice 10 0 


* Tumor implanted 10 days after C3H lymphoid tissue had been implanted. 


acetate could be accomplished. To test this 
possibility, groups of 5 CF, mice were im- 
planted subcutaneously by trocar with tumor 
removed from C3H mice. Cortisone injections 
(40 mg/kg/day) were begun within 4 hours 
after implantation and were continued for 7 
successive days. Mice bearing large, ob- 
viously progressive tumors were killed between 
the 14th and 21st day and their tumors used 
for the next passage to new groups of CF, 
mice which were treated with cortisone acetate 
as were their predecessors. At each passage 
a control group of untreated CF, mice was 
implanted with the same tumor material in 
order to determine whether adaptation of the 
tumor to CF, mice had occurred. Two ex- 
periments were conducted. In the first, 4 
serial passages were made before all mice in 
the treated group suddenly died; in the sec- 
ond, the tumor was passed in 9 successive 
groups of cortisone treated mice before the 
experiment was discontinued. In no instance 
did tumor taken from cortisone treated mice 
and transplanted into untreated CF, mice 
grow progressively. Apparently the species 
specificity of this C3H tumor was not altered 


by repeated passage in cortisone treated CF, 
mice. 

The above results show that treatment with 
cortisone acetate impairs the development of 
the immunity of CF, mice induced by lym- 
phoid tissue of C3H mice and it may be in- 
ferred that the progressive growth of lympho- 
sarcoma 6-C3H-Ed in cortisone treated mice 
is a result of suppression of immune response 
to the C3H tumor tissue. Thus the “natural 
immunity” of CF, mice to lymphosarcoma 
6-C3H-Ed which is manifest by regression 
may be related to (or identical with) specific 
foreign tissue immunity. In view of this, it 
was considered of importance to determine 
whether the resistance of other alien strain 
mice to progressive growth of this and other 
strain specific tumors could be abolished by 
intensive treatment with cortisone acetate. 
Table II shows the results of implantation of 
a variety of tumors into pure bred (DBA-2, 
C57, A and AKM) random bred, (CF,) and 
backcross (ZBC) mice treated with cortisone 
acetate, together with data showing the effect 
of different dosage schedules on the progres- 
sive growth of lymphosarcoma 6-C3H-Ed in 
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TABLE II. Effect of Cortisone Acetate Treatment* on Progressive Growth of Various Tumors in 
Alien Strain Mice. 


-—Growth of tumor—, 


Recipient No. of Pro- No growth or 
Implanted ' Treatment with cortisone acetate mouse mice gressive regression 
{ Normal. untreated CF, 57 2 55t 
Mice pretreated for 3 days prior CF, 10 0 10t 
to tumor implantation 
Treated for 3 days beginning on OF, 10 0 10t 
the day of tumor implantation 
Treated for 10 days beginning on OF, 30 (7) 4 ANY 6§ 
Lymphosareoma + day of implantation 
6-C3H-Ed Treated for 7 days beginning on CF, 62 (6) 37 19t 
day of tumor implantation 
Hi DBA —2 10 0 10 
4 C57 Black 10 0 10 
a A (Lilly) 10 (1) 0 9 
L ‘ AKM 10 (2 0 8 
Adenocarcinoma — § * ZBC 13. 9 4 
EO 771 l 2 CF, 10 0 10 
5 : u ZBC 10 0 10 
Leukemia P-1534 ; » CP, 10 (1) 0 9 
Patterson lympho- § ¢ CF, 10 0 10 
sarcoma l a A (He) 10 0 10 
Adenocarcinoma i CF, 40 (5) 0 35 
C3H-BA 


* Cortisone acetate aqueous suspension 40 mg/kg/day. 
+ Tumors grew to large size, then regressed completely. 
¢ Number in parentheses indicates death during treatment. 


§ Experiments previously described(1). 


CF, mice. 

Summary. Lymphosarcoma 6-C3H-Ed im- 
planted in CF; mice intensively treated with 
cortisone acetate grows progressively, and 
adenocarcinoma EO-771 also grows progres- 
sively in ZBC mice under similar conditions. 
Neither of these tumors nor others tested grew 
progressively in other alien strains of mice 
treated with cortisone acetate. Progressive 
growth of tumors in alien strains of mice un- 


der the influence of cortisone acetate treat- 
ment is restricted to certain tumors in certain 
strains of mice, and is therefore not an ex- 
pression of a general breakdown of natural 
barriers to tumor transplantation. 


1. Foley, E. J., and Silverstein, R., Proc. Soc. Exp. 
Brot. AND Mep., 1951, v77, 713. 

2. Howes, E. L., Yale J. Biol. and Med., 1951, v23, 
454. 
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Immunity against tumors which grow pro- 
gressively in'strains of pure bred mice by prior 
injections of normal tissues from alien strains 
of mice has been described by MacDowell 
et al.(1), and by Rhodes and Miller(2), who 
studied leukemia, and by Barret e¢ al.(3) 
using a fibrosarcoma. In experiments pre- 


viously reported by us(4,5) it was shown that 
C3H mice,* obtained from the Jackson 


*In the previous publications(4,5) these mice 
were referred to as Jax C3H mice. Specifically they 
are of the Heston subline maintained at the Jackson 
Memorial Laboratory and in the present paper are 
designated as Jax-C3H (He) mice. 
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Memorial Laboratory, were protected against 
lymphosarcoma 6-C3H-Ed by previous im- 
plantation of lymphoid tissue from a variety 
of random bred and pure strain mice. Spleen 
tissue from ZBC mice was found to be particu- 
larly active as an antigen in inducing this 
immunity. These studies now include experi- 
ments in which lymphoid tissue from several 
sublines of C3H mice were implanted in mice 
of other C3H sublines followed by challenge 
with lymphosarcoma 6-C3H-Ed, and at- 
tempts were made to broaden the findings 
which had been made with this tumor using 
similar methods and other lymphoid tumors 
at our disposal. 

Materials and methods. Jax-C3H (He), 
DBA-2, C57 Black, A (Lilly), and A (He) 
mice were obtained from the Jackson Memo- 
rial Laboratory. ZBC mice (produced by mat- 
ing mice of the A strain and Dr. Bittner’s C3H 
(called Z-strain) to produce F, hybrids, and 
mating F, females with Z males) were ob- 
tained, together with a supply of C3H (called 
Z) mice from Dr. J. J. Bittner. C3H mice of 
the Andervont stock were obtained from Dr. 
H. B. Andervont. CF,, CFw and AKM mice 
were obtained from ‘Carworth Farms and 
“Manor” mice from Manor Farms. Lympho- 
sarcoma 6-C3H-Ed, (C3H (He) mice), and 
lymphatic leukemia P-1534 (DBA-2 mice) 
were obtained from the Jackson Memorial 
Laboratory. The Patterson lymphosarcoma 
(AKM mice) was obtained from Dr. C. C. 
Stock, and lymphoma 2 (A (He) mice) was 
obtained from Dr. Emma Shelton through Dr. 
L. L. Law. The tumors were routinely passed 
in the pure strain mice designated in paren- 
theses. Approximately 15 mg pieces of lymph 
nodes and of the various tumors were im- 
planted by trocar subcutaneously on the left 
flank of the mice. Spleen cell suspensions 
were implanted subcutaneously by injection, 
each mouse receiving approximately 18-20 mg 
of moist spleen tissue in 0.25 ml of saline sus- 
pension. Seven to 10 days after these pre- 
liminary implantations, the mice were chal- 
lenged subcutaneously in the right flank with 
approximately 5 million tumor cells sus- 
pended in 0.1 ml of saline. Similar tumor in- 
jections were made in control mice of the 
same strain. The mice were palpated twice 
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weekly and observed either until death, or- 
until it became obvious that the challenge 
tumor had regressed or had failed to grow, 
as judged by progressive tumor growth and 
death of the appropriate control mice. Ap- 
parently immune mice were rechallenged and 
observed for an-additional 4 weeks before be- 
ing finally classified as immune. In some in- 
stances, the mice available for study was few, 
but, with these exceptions, all experiments 
were carried out with groups of 8 mice. 

Results. Implantation of lymphoid tissue 
from mice of certain sublines of the C3H 
strain results in immunity of recipient mice of 
other C3H sublines subsequently implanted 
with lymphosarcoma 6-C3H-Ed. Immunity 
of the mice was manifest by failure of the im- 
planted tumor to grow at all or by regression 
after reaching palpable size. The results of 
experiments in which lymphoid tissues from 
various sublines of C3H mice were implanted 
in mice of other C3H sublines, followed by 
challenge with lymphosarcoma 6-C3H-Ed, are 
shown in Table I. 

Spleen or lymph node-thymus mixtures 
from Bittner C3H (Z) mice regularly im- 
munizes Jax-C3H (He) mice. Spleen from 
ZBC mice is also effective. Spleen from Jax- 
(C3H (He) mice immunizes Bittner C3H (Z). 
Spleen from both Jax-C3H (He) and Bittner 
C3H (Z) mice immunizes Andervont C3H 
mice against lymphosarcoma 6-C3H-Ed, but 
spleen from Andervont. mice fails to immunize 
either Bittner C3H (Z) or Jax-C3H (He). 
Spleen from ZBC does not immunize Bittner 
C3H (Z) mice. 

Experiments were made to study the effect 
of various treatments of spleen cells from ZBC 
mice on their antigenicity in Jax-C3H (He) 
mice and to determine whether implantation 
of lymphoid tissues from alien strains would 
immunize ZBC mice against lymphosarcoma 
6-C3H-Ed, or A (He), AKM, or DBA-2 mice 
against lymphoid tumors which grow progres- 
sively in these strains. Results of these ex- 
periments are shown in Table II. 

It is seen in Table II that none of the tissues 
implanted into ZBC mice induced immunity 
against lymphosarcoma 6-C3H-Ed, nor did 
tissues from the alien strains of mice im- 
munize DBA-2 against leukemia P-1534, 
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TABLE I. Immunity Produced by Lymphoid Tissues Implanted in Various Sublines of C3H 


Mice Against Lymphosarcoma 6-C3H-ED. 


Strain and type of mouse tissue No. of Not 
implanted Recipient mice mice Protected protected 
ZBC spleen Jax-C3H (He) 75 73 2 
Bittner C3H (Z) spleen sd 11 11 
Bittner C3H (Z) lymphnode/thymus FS 12 11 1 
Anderyont C3H lymphnode/thymus es 4 4 
Andervont C3H spleen "3 4 oa 
ZBC spleen Bittner C3H (Z) 2 2 
Jax-O3H (He) spleen cs 2 2 
Anderyont C3H ” ad 3 3 
Jax-C3H (He) i Andervont C3H 2 2 
Bittner C3H (Z) ” i 2 2 
Growth of tumor in controls ZBC 300+ Progressive to death 
Jax-C3H (He) 300+ 2 
Andervont C3H 1 te 
Bittner C3H (Z) 4 
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TABLE II. Attempts to Induce Immunity Against Lymphoid Tumors by Implantation of Alien Mouse 


Tissues. 
Recipient No. of Pro- Not pro- 
Strain and type of mouse tissue implanted mice mice Tumor tected tected 
Bittner C3H (Z) spleen ZBC 13 Lymphosarcoma 13 
(6-C3H-Ed) 
Bittner C3H (Z) lymphnode/thymus ZBC 8 a 8 
Andervont C3H lymphnode/thymus ZBC 4 ig 4 
Spleen or lymphnode from: CF,, CFW, DBA-2, ZBC 160* i 160 
C57 Black, Manor AKM, A (Lilly), A (He) 
Jax-O3H (He), ZBC 
) DBA-2 160*  Leukemia—P-1534 160 
Spleen from above mice AKM 80t Patterson 80 
lymphosarcoma 
4 A (He) 80+ Lymphoma 2 80 
ZBC spleen Jax-C3H 75 Lymphosarcoma 73 pa | 
(He) (6-C3H-Ed) 
ZBC lymphnode/thymus ; “ 16 = 3 13 
ZBC spleen (frozen and thawed) + ‘ 8 2 8 
ZBC ”  (erushed to break cells) § fi 8 é 8 
ZBC ” (lyophilized) ¢ 8 “ 8 
ZBC ” (boiled) - 8 i 8 
ZBC ”  (eells suspended in .1% formalin/ ie 8 is 8 
saline) 
ZBO spleen (fresh spleen, mice treated with cor- f 16 4 16 


tisone acetate 40 mg/kg/day/5 days) 


* Groups of 8 mice each received either spleen or lymphnode from various 
spleen from various strains of mice. 


bh Ae He) s1e 9) 33 


t+ >” 


strains of mice. 


¢ Frozen at —18°C for 2 hr, then slowly thawed at room temperature. 


§ Ground with sand in saline. 


AKM against the Patterson lymphosarcoma 
nor A (He) mice against lymphoma 2. Spleen 
cells of ZBC mice are much more active than 
lymph node /thymus mixtures in immunizing 
Jax-C3H-Ed mice against’ lymphosarcoma 
6-C3H-Ed. Any treatment which ruptures 
the cell wall abolishes the antigenicity of ZBC 
spleen tissue under the conditions of these 
experiments, and treatment with cortisone 


acetate prevents the development of immunity 
against this tumor. 

Discussion. It was previously shown that 
lymphoid tissue from a variety of random 
bred mice, and from mice of known genetic 
constitution would immunize Jax-C3H (He) 
mice against progressive growth of lympho- 
sarcoma 6-C3H-Ed. Similar relationships are 
shown in the present experiments in which 
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lymphoid tissue from mice of several C3H 
sublines were implanted into mice of other 
sublines. Mice of the Heston, Bittner(Z), 
and Andervont 'C3H sublines, and ZBC mice, 
in all of which this tumor grows progressively, 
show different behavior in immunizability fol- 
lowing subcutaneous implantation of spleen 
or lymph node and thymus tissue from other 
sublines of C3H mice. Tissue from Bittner 
C3H (Z) and Jax-C3H (He) mice reciprocally 
immunized against this tumor. Spleen from 
Andervont C3H mice did not immunize Bitt- 
ner C3H (Z) mice, yet spleen from the latter, 
and from Jax-C3H (He) mice immunized 
Andervont mice. ZBC spleen failed to im- 
munize Bittner C3H (Z) mice. Although 
many have been tried, none of the tissues yet 
implanted into ZBC mice have immunized 
against lymphosarcoma 6-C3H-Ed. 

It is of interest that lymphoid tissue from 
one C3H subline should immunize mice of an- 
other subline against a tumor which grows 
progressively when transplanted in all C3H 
mice tested. It is assumed that the immunity 
observed has as its basis the existence of anti- 
genic differences between the tissues of one 
type mouse from that of the others, and what- 
ever these differences may be, it would appear 
that antigenic tissues are widely distributed, 
for protection of Jax-C3H mice can be accom- 
plished not only by implantation of tissues 
from other C3H sublines as in the present in- 
stances, but, as was shown previously(4), 
spleen or lymph node and thymus tissue from 
random bred mice, (CF,, CFw and Manor), 
and pure lines (DBA-2, C57 Black) will also 
induce immunity. In this connection it is im- 
portant to note the apparent differences in an- 
tigenicity of spleen and lymph node thymus 
tissue of ZBC mice in immunizing Jax-C3H 
(He) mice against lymphosarcoma 6-C3H-Ed- 
spleen regularly induces immunity, while the 
lymph node thymus mixture does so infre- 
quently. 

The data suggest that genetic differences 
between sublines of C3H mice might be de- 
tectable by immunological tests of the type 
described. Such differences have been pre- 
viously shown to exist between the Bittner 
and Andervont(6) and between the Bittner 
and the Strong sublines(7) by differential sus- 
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ceptibility of the mice to transplantable mam- 
mary carcinoma. 


Implantation of intact cells appears to be a 
requirement for antigenicity, which is in 
keeping with the observations of Barrett ef al. 
(3) who studied immunity produced in C 
strain mice injected with blood from DBA 


“mice against a fibrosarcoma which arose in 


DBA mice, but which was transplantable to C 
mice. Development of immunity in Jax-C3H 
(He) mice against lymphosarcoma 6-C3H-Ed 
is prevented in mice treated with cortisone 
acetate (40 mg/kg for 5 days) beginning on 
the day that ZBC spleen was introduced. 

In our experience, the antitumor immunity 
developed by implantation of lymphoid tissue 
from certain strains of mice can be developed 
only against lymphosarcoma 6-C3H-Ed. Re- 
péated trials failed to induce immunity in 
DBA-2 mice against leukemia P-1534, in 
AKM mice against the Patterson lymphosar- 
coma and in A (He) mice against lymphoma 2. 
These results suggest a close similarity in the 
antigenic constitution of lymphoid tissue of 
certain strains of C3H and other mice(4) to 
that of lymphosarcoma 6-C3H-Ed. 

Summary. Experiments are described in 
which spleen or lymph node from certain sub- 
lines of C3H mice when implanted into mice 
of other sublines of the C3H strain immunized 
them against progressive growth of subse- 
quently implanted lymphosarcoma 6-C3H-Ed. 
In repeated similar trials in other strains of 
mice, no immunity was produced against lym- 
phoid tumors which grow progressively in 
these strains. 
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of the Implanted Tumor. 
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Immunity in mice and rats against tumors 
which arose in and which grow progressively 
in certain pure bred lines of these animals, 
following atrophy of the tumor, has been ob- 
served by a number of workers. MacDowell 
(1) by repeated injections of small numbers of 
leukemia cells (which failed to induce leu- 
kemia) was able to immunize C58 mice against 
a transplantable leukemia specific for this 
strain. Gross(2,3) implanted C3H mice in- 
tradermally with small quantities of a methyl- 
cholanthrene induced sarcoma which arose in 
this strain, many of the tumors regressed, and 
mice which had borne the regressive tumors 
were immune to subsequent subcutaneous im- 
plantations of the same tumor. Goldfedder 
(4) described immunity of inbred Bagg rats 
to a transplantable lymphosarcoma which 
arose spontaneously in this strain, which was 
induced following implantation of fragments 
of the tumor which had been attenuated by 
x-rays. More recent mention has been made 
(5) of similar experiments carried out with a 
spontaneous mammary tumor which arose in 
Bittner’s high cancer line of mice, in which 
implantation of x-rayed tumor tissue induced 
immunity in autogenous hosts.; Stoerk and 
Emerson(6) induced severe riboflavin de- 
ficiency in C3H mice bearing lymphosarcoma 
6-C3H-Ed, the tumors regressed and those 
mice which survived the vitamin deficiency 
were found to be immune to subsequent im- 
plantation of the tumor. Lewis e¢ al.(7) by 
use of a variety of technics were successful in 
impairing the blood supply of transplantable 
sarcoma which arose, and were progressive 
upon transplantation, in pure bred rats of the 
Lewis and King A strains. The treatments 
caused atrophy of the tumors which resulted 
in immunity of the rats to subsequent im- 
plantation of the same tumors. They further 
demonstrated(8) that sarcoma tissue under- 
going autolysis as a result of being sewn into 
a skin pocket, when transplanted into other 
rats of the same strain induced immunity 


against implantation of the tumor. We have 
observed that a number of Jax-C3H-(He) 
mice in which regression of lymphosarcoma 
6-C3H-Ed was induced by intensive treat- 
ment with A-methopterin were immune(9). 
The present paper describes an extension of 
these experiments and others in which Jax- 
C3H mice of the Heston subline were im- 
munized by means which prevented or inter- 
rupted the progressive growth of the tumor in 
these mice. 

Materials and methods. Young adult (18- 
22 g) C3H (Heston subline) mice of both 
sexes and the Gardner lymphosarcoma 6-C3H- 
Ed, obtained from the Jackson Memorial 
Laboratory were used in all experiments. The 
tumor was carried for over 70 passages in 
these mice in our laboratory within the last 
2 years, and in the passages and in numerous 
experiments in which these mice were im- 
planted with it for control purposes, it has not 
failed to grow progressively and kill the re- 
cipients. The tumor was implanted by sub- 
cutaneous injection of tumor cell suspensions 
made by mincing 10-12-day-old tumors with 
scissors in saline. The suspensions were of 
such density that passage through a No. 22 
gauge needle was accomplished. The mice 
were observed almost daily and were kept un- 
der the usual laboratory conditions, having a 
free access to food and water. A-methopterin 
was injected subcutaneously in 2 mg/kg/day 
doses of aqueous solution. Other methods are 
described in connection with the various ex- 
periments. 

Experimental. In 6 experiments a total of 
62 Jax-C3H (He) mice were implanted on the 
right flank with tumor cell suspensions. The 
dose implanted ranged in the various experi- 
ments from approximately 250,000 to 5,000,- 
000 cells in 0.1 ml of saline. Beginning on 
the first to the fourth day following implanta- 
tion, 2 mg/kg/day doses of A-methopterin 
were given. Dosage was continued for 7 suc- 
cessive days in recent experiments, and for 11 
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days in others(9). Two mice died during 
treatment, and of the 60 mice which survived, 
the tumor regressed in 21, usually between the 
20th and the 35th day following implantation. 
Thirty-six untreated mice similarly implanted 
as controls died of progressive tumors between 
the 18th and 30th days depending upon the 
number of cells implanted. The 21 mice in 
which progressive tumor growth failed to occur 
were reimplanted with approximately 5 million 
tumor cells 6 or 7 weeks after the original im- 
plantation. Eleven of these mice which were 
not immune had never developed palpable 
tumor following the first implantation,.whereas 
all of the 10 which were immune were mice in 
which regression of palpable tumors had taken 
place under the influence of A-methopterin. 
It is inferred from these observations that the 
tumor mass acted as the antigenic stimulus in 
inducing immunity. 

Five Jax-C3H (He) mice were slowly in- 
jected into the tail with approximately 2.5 
million tumor cells in 0.05 ml of saline suspen- 
sion, care being taken to miss the tail veins. 
The injection was made equidistant between 
the base and the tip of the tail. All 5 of the 
mice failed to develop visible tumors. Four 
weeks after the implantation, the mice were 
challenged for immunity by subcutaneous in- 
jection of approximately 5 million tumor cells. 
Four of the mice failed to develop tumors, the 
fifth developed a pea size tumor which re- 
gressed. Six control mice injected with the 
same tumor cell suspension died of progressive 
tumors. The 5 immune mice were rechal- 
lenged after 2 weeks and again tumors failed 
to grow. The experiment was repeated using 
larger numbers of cells for implantation. 

Twenty-five Jax-C3H (He) mice were in- 
jected into the tail with 5 million tumor cells 
in 0.1 ml of saline suspension. Eleven of these 
developed tumors in the tail which spread to 
the rump, killing the mice on or before the 
42nd day after injection. Fourteen mice 
failed to develop tumors and were challenged 
on the 42nd day by subcutaneous injection of 
5 million tumor cells into the flank. These 14 
mice failed to develop tumors while each of 
15 controls died of progressive tumors within 
3 weeks after injection. 

Eight Jax-C3H (He) mice were implanted 
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in the same location in the tail as those de- 
scribed above. Approximately 10 million 
tumor cells were injected in 0.2 ml volumes of 
saline. Considerable force was used in in- 
jecting the dose and some oozing of fluid 
through the skin of the tail was observed. 
After 12 days, all of the mice had developed 


tumors which extended 0.25 inch in either 


direction from the point of injection. At 5 
P.M. the blood supply of the tails was oc- 
cluded by winding short lengths of No. 14 
A.W.G. soft drawn copper wire around the 
tail about 0.5 cm from its base. The wire was 
made tight and secure by twisting the ends 
together with hemostats. Almost immediately 
the tail became engorged and the tumors dis- 
colored to a deep purple. The wires were 
left in place overnight. The next morning the 
tails were dry and blackened and the tumor 
severely damaged, being swollen, black and 
exuding thin cherry red liquid through fis- 
sures which had developed during the night. 
The tails and tumors retained this appearance 
even after the wires were removed at 9 A.M. 
The process was repeated at 5 P.M. on the 
same day with removal of the wires the fol- 
lowing morning. At this time the tails and 
tumors were distinctly dry, and later in the 
day the lower portion of the tails were ob- 
served to have fallen off, breaking in the re- 
gion where the tumors had been. No further 
treatment was given and the mice were ob- 
served for 10 days during which period one 
died. The others remained well although the 
tails became shorter, finally breaking at the 
point where the wires had been applied. Six 
weeks after the original implantation, these 
mice and 6 controls were injected subcutane- 
ously in the flank with approximately 5 million 
tumor cells. Within 5 days pea size tumors 
developed in all of the mice. The tumors in 
the control mice grew progressively, causing 
death, while those in the test mice after re- 
maining pea size for 4 days began to regress 
and all had disappeared by the 15th day. A 
second challenge implantation of tumor cells 
was given one month after the first; the tail- 
less mice developed no tumors while each of 
5 controls died with progressive tumors. The 
results of the experiments are combined and 
summarized in Table I. 
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TABLE I. Immunity to Lymphosarcoma 6-C3H-Ed Produced in C3H (He) Mice by Prior 
Implantation of the Tumor. 


Palpable 
tumors 
regressed developed plantation Notimmune Immune 


Experimental 


Progressive 
procedure 


No. mice tumors 


Total nega- Result of reimplanta- 
tive to first tion of tumor 


No.tumor tumorim- - 


A-methopterin, 
2 mg/kg/day 
for 7 days 

Tumor inj. in 30 11 
tail (no 
treatment) 

Tumor inj. in 
tail (tails 
tied off ) 


62°(2)* 39 11 


8 (1)t 7 


10 21 11 10 
19 19) 19 
7 7 


* This tabulation includes mice in experiments previously described (9). 
+ Number in parenthesis died during treatment. 


Summary. Experiments are described in 
which cells of lymphosarcoma 6-C3H-Ed im- 
planted in Jax-C3H (He) mice, in doses which 
failed to induce tumors when implanted into 
the tail, in large doses which induced tumors 
that were destroyed by intermittent occlusion 
of the blood supply, and by regression of pal- 
pable tumors through intensive treatment with 
A-methopterin, led to development of im- 
munity of the mice against subsequent pro- 
gressive growth of the same tumor. 
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Cortisone Action on Connective Tissue.* (19729) 


(Introduced by D. M. Angevine.) 


From the Laboratory for Connective Tissue Research, Department of Anatomy, Faculty of 
Medicine, University of Copenhagen, Denmark. 


During recent years the effect of hormones 
on connective tissue has been the object of 
intensive research, particularly after it became 
known in 1949 that the adrenal cortex influ- 
enced a number of connective tissue diseases. 

It is known(10,11) that cortisone inhibits 
new formation of connective tissue and that 
fibroblasts in healing wounds of treated indi- 
viduals are smaller and more pyknic than in 


* This work was supported by grants from Eli 
Lilly & Co., Indianapolis, Ind., and The National 
Danish Association against Rheumatic Diseases. 


wounds of untreated subjects. 

The effect on the connective tissue ground 
substance has attracted particular attention, 
because the formation of ground substance 
appears to be the essential condition for new 
formation of connective tissue. Since various 
observations(1,2,5) indicate that hyaluronic 
acid, which is an important component of the 
connective tissue ground substance, is formed 
by the mast cells, interest has also centered 
on the effect of hormones on these cells. 


The present author(3,13) found that in 
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TABLE I. Material and Dosage of Cortisone and 
ACTH. 3 


ACTH,t total 


Cortisone,* 


total dose dose (internat. 
No. (mg) No. % units) 
Humans 32. 750-2600 151 240-860 
Rabbits 15 150-275 23 45-105 
Mice 20 4,411 11 5-14 
Guinea pigs 11 8-10 16 5-100 


* Cortone (Merck). 
+t Acton (Frederiksberg Chemical Factories). 


human patients the mast cells of dermal con- 
nective tissue decreased in number and be- 
came degranulated when exposed to the action 
of ACTH and cortisone. At the same time, 
the hyaluronic acid of the ground substance 
was reduced. -Cavallero and Braccini(7) con- 
firmed this finding in experiments on the rat. 

Since an increased amount of hyaluronic 
acid is of great pathogenetic significance in 
various connective tissue diseases(4,9,12), 
such as rheumatoid arthritis, pemphigus, acute 
disseminated lupus erythematosus, keloids, 
fresh cases of scleroderma, and perhaps also 
in iridocyclitis and glaucoma, the author feels 
that the suppressive action on the formation 
of hyaluronic acid is an important link in the 
clinical effect of cortisone on these diseases. 
The transmitters of this action might be the 
mast cells of the mesenchymal tissues. 


The mast cells in dermal connective tissue 
were thoroughly studied during administration 
of cortisone and ACTH to humans,t rabbits, 
mice, and guinea pigs. 

The following was derived from these ex- 
periments: The number of mast cells de- 
creases, and certain morphological changes 
take place. A varying number of cells are 
perfectly normal even during and after the 
treatment, but most of them exhibit charac- 
teristic changes, depending somewhat on the 
dosage. While the granules are normally of 
approximately uniform size and rather evenly 
distributed in the cytoplasm, administration 
of cortisone and ACTH is followed by more 
or less marked degranulation; the granules 
are distributed in masses of varying size. A 
number of the mast cells show a vacuolized 


t+ Unaffected skin taken from human patients suf- 


fering from various connective-tissue diseases. 
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cytoplasm; ‘the partitions separating the 
vacuoles consist of a homogeneous or partly 
granular substance which stains partly meta- 
chromatically, partly orthochromatically with 
toluidine blue. In some instances it is difficult 
to make out the cell boundaries. The cells are 
irregular, ragged in shape, of varying size, but 


_on the whole, small. 


It seems evident that the reduction in the 
number of mast cells upon simple counting is 
due to the fact that many have lost their gran- 
ules and thereby their histological character- 
istics. 

Discussion. While ACTH and cortisone 
alter the mast cells to shapes which appear 
degenerated, the thyrotrophic hormone of the 
pituitary “has proved to increase the number 
of mast cells which become highly granulated 
at the same time that the content of acid 
mucopolysaccharides increases. The condi- 
tion is reversible, yielding to thyroxin(6,8). 
Similarly, the pathological state observed dur- 
ing administration of cortisone is perhaps re- 
versible. It has not yet been ascertained 
whether the altered mast cells perish or 
whether their activity may be revived by dis- 
continuing the hormonal action. 


Summary. During administration of corti- 
sone 'to humans, rabbits, mice, and ‘guinea 
pigs the number of mast cells in the connective 
tissue is decreased. At the same time altera- 
tions are observed in the number and distribu- 
tion of their granules, in the shape and out- 
lines of the cells, and vacuolization occurs. 


Since mast cells are presumably the origin 
of hyaluronic acid in the connective-tissue 
ground substance, this suppressive action is 
important when viewed against the back- 
ground of the clinical effect of cortisone on 
connective-tissue diseases in the increased 
amounts of hyaluronic acid play an essential 
pathogenetic role. 


After these studies were completed, Frank 
Bloom (Proc. Soc. Exp. Brot. AND MeEp., 
1952, v79, 651), has reported his experiments 
with malignant multiple mast cell tumors 
(mastocytomata). The tumors rapidly re- 
gressed and disappeared, and the neoplastic 
mast cells showed morphological changes like 
those described above. 
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Staining: 1% toluidine blue solution, aqueous. Magnification: approx. 3000 X. 
FIG. 1. Normal mast cell from human skin before administration of cortisone. 


The fine | 


granules are uniformly distributed throughout the cytoplasm. 
FIG. 2. After administration of cortisone, 1800 mg. Mast cell of dermal connective tissue 


showing vacuolization. 


FIG. 3. After administration of cortisone, 1800 mg. Mast cell granules distributed in major 
and minor clusters and lumps, staining more or less intensely, 

FIG, 4. After administration of cortisone, 1800 mg. Mast cell granules of irregular dis- 
tribution, partly in the periphery, partly in lumps around the central nucleus. Vacuolization of 


the cytoplasm. 


1, Asboe-Hansen, G., Ann. rheumat. dis. 1950, 
v9, 149. 


2, ———, Acta derm. vener., 1950, v30, 221. 

3, ———, Scandinav. J. Clin. Labor. Invest., 1950, 
WZ rio des 

4. ———, Acta derm. vener., 1950, v30, 338. 

5. ———, Om bindevaevets mucingse substanser 


(On the Mucinous Substances of Connective Tissue). 
Rosenkilde & Bagger, Copenhagen, 1951. 

6. Asboe-Hansen, G. and Iversen, K., Acta en- 
docrinol., 1950, v8, 90. 

7. Cavallero, C. and Braccini, C., Proc. Soc. Exp. 
Brov. anD Mep., 1951, v78, 141. 

8. Iversen, K., and Asboe-Hansen, G., Acta en- 
docrinol., 1952, in press. | 


9. Meyer, K., Physiol. Rev., 1947, v27, 335. 

10. Plotz, C., Howes, E., Blunt, J., Meyer, K., 
and Ragan, C., Archi Dermat. and Syph., 1950, v61, 
919, 

11. Ragan, C., Howes, E., Plotz, C., Meyer, K., 
and Blunt, J., Proc. Soc. Exp. Brot. aAnp Mep., 
1949, v72, 718. 

12. Ragan, C., and Meyer, K., J. Clin. Invest., 
1949, v28, 56. 

13. Videbaek, A., Asboe-Hansen, G., Astrup, P., 
Faber, V., Hamburger, C., Schmith, K., Sprechler, 
M., and Brgchner-Mortensen, K., Acta endocrinol., 
1950, v4, 245. \ 


Received July 14, 1952. P.S.E.B.M., 1952, v80. 


680 


Strain and Sex Differences in Response of Inbred Mice to Adrenal 


Cortical Hormones.* 


L. E. Wracct anp R. S. SPEIRS. 


(19730) 


(Introduced by H. W. Mossman.) 


From the R. B. Jackson Laboratory, Bar Harbor, Maine. 


Function of the adrenal cortex in both- 


animals and man has been measured by the 
degree of eosinopenia which follows its stimu- 
lation(1,2). Speirs and Meyer(3,4), de- 
veloped a bioassay for cortical hormones based 
upon this response in mice. Their technic is 
highly specific for corticoids, sensitive to doses 
as low as 0.5 pg and can be used for quantita- 
tive estimation. The assay is sensitive, rapid, 
and easily performed. 

This report demonstrates that mouse strains 
differ in their responses to cortisone; thus for 
accurate assays it is imperative to use certain 
inbred strains, highly sensitive to cortisone, 
rather than mice selected at random. 

Method. Male mice of 10 inbred strains or 
their hybrids, and females of 2 strains were 
tested by the method of Speirs and Meyer 
mentioned above. Inbred mice were adrenal- 
ectomized in a one-step operation and pellets 
of 11 desoxycorticosterone acetate implanted 
subcutaneously. A few days postoperatively, 
mice received a subcutaneous injection of 
epinephrine, followed in 4 hours by a dose of 
adrenal cortical hormone. Eosinophil counts 
were taken immediately before and 3 hours 
after injection of the corticoid. The percent- 
age of decrease in number of eosinophils dur- 
ing this period was correlated with quantity 
of hormone injected. 

Precautions were taken to stabilize environ- 
mental factors. Mice chosen were similar in 
age (2 months) and weight (20-25 g), and 
were bled usually the third and tenth day after 
adrenalectomy. For at least 20 hours previous 
to and during the run mice were kept in a 
dark, constant-temperature cabinet (80°F). 

Preliminary experiments showed that the 
amount of adrenalin needed to eliminate non- 
specific responses varied with strains. Three 
to 5 wg for C57BR/cd, C57BR/a, C57BL/6, 


* Supported by a grant from the New York Foun- 


dation. 
+ Present address: Department of Anatomy, Uni- 
versity of Wisconsin, Madison, Wisc. 


and BR/ed X BL/6 hybrids (called BBF;) 
was found effective if the animals were newly 
adrenalectomized but not always so 3 to 4 
weeks later. When the dose was increased to 
20 yg all such non-specific responses were 
eliminated without producing highly toxic ef- 
fects so this dose was adopted for these 
strains. With 129/Rr’s 10-20 pg was used, 
DBA/1’s required 30, and B ALB/c’s 40 ug 
to eliminate non-specific responses. Larger 
doses such as 20 pg for 129’s and 40 yg for 
B ALB/c’s were probably responsible for oc- 
casional difficulty in bleeding or death. 

Hormones, injected subcutaneously, were: 
.03 cc of cortisone acetate, dissolved in benzyl 
alcohol diluted with at least 9 volumes of 
sesame oil; .5 cc of cortisone (free alcohol), 
dissolved in distilled water. 


Results. Strain differences. Strains in- 


jected with cortisone acetate and cortisone 
(free alcohol), are included in this comparison, 
because as Fig. 1 (plotted from data of Speirs 
and Meyer(4)) shows no significant difference 
occurred in response to these 2 types of hor- 
in one 


mone preparation strain tested— 


° 


PER CENT DECREASE IN CIRCULATING EOSINOPHILS 


3 

DOSE OF CORTICAL HORMONE IN MIGROGRAMS 

FIG. 1. Three-hour response of adrenalectomized 
male C57 brown ed mice to cortisone acetate; 

cortisone (free alcohol). 
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PERCENT DECREASE IN NUMBERS OF CIRCULATING EOSINOPHIL CELLS 


| 3 
DOSE OF CORTICAL HORMONE IN MIGROGRAMS 
FIG. 2. Three-hour response of adrenalectomized inbred strains to adrenal cortical hormone. 


C57BR/cd. The similar effects of these prep- 
arations have also been observed in BBF, 
(unpublished). 

The average responses of 9 strains tested 
are plotted in Fig. 2. Table I gives the num- 
ber of animals per point, standard deviation, 
standard error, and slope of each curve. 
(Method given by Dorfman(5)): From the 
figure it is apparent that responses fall into 2 
distinct groups. 1. Sensitive strains: respond 
significantly to 1 wg and maximally to approxi- 
mately 6 pg of cortisone. (C57BL/6, 
CS7BRycdmeco Br/4a, BBE, Fy 129° X 
BR/cd). 2. Insensitive strains: require 3-6 
pg for a significant response and at least 96 
pg to approach maximum _ eosinopenia. 
(129/Rr, DBA/1, B ALB/c, Street). 

An additional type is represented by the 
strain Small, in which cells are too few to use 
in calculations. Of 24 counts made, 64% had 
less than 6@.eosinophils per mm® blood. 

Variability of response according to dose 
and strain is brought out in Table I. The 
standard deviation of most groups of animals 
in sensitive strains is comparatively small 
(from 3.5 to 16) for the high dose of 6 ng. 
For the same dose, in insensitive strains, it is 


12 24 96 


from 16-23. Strains such as the Street, F 
BR/cd X 129, and C57BL/6 seem more 
variable than others. 

Sex differences. able II shows the per 
cent decrease in circulating eosinophils of fe- 
males (BBF;, C57BR/cd) to cortisone (free 
alcohol) and cortisone acetate is less consistent 
than that of males. In addition, their stand- 
ard deviation is generally greater except for 
the 3 pg injection of cortisone acetate, but 
this response is much smaller than for male 
animals. 

Eosinopenia and behavior under stress. The 
C57BR/cd is an active mouse which jumps, 
squeals, and tries to bite when handled. It 
gives maximum eosinopenia after 6 pg of cor- 
tisone—a highly sensitive response. On the 
other hand, the 129/Rr although active, is a 
mild-mannered mouse which is easily handled 
and rarely if ever attempts to bite. Thus it is 
a good laboratory animal. Furthermore its 
light color makes tail veins easy to see and it 
bleeds well. Unfortunately for assay work, 
it is less sensitive to cortisone, requiring a 
dose 16 times as large as the Brown to give 
maximum eosinopenia. 

Fig. 3 shows the hourly response of normal 
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Some Inbred Mouse Strains Injected with Cortical Hormone. 


TABLE I. Standard Deviation, Standard Error, and Slope of Response of 


Slope 


24 ug ~ 96 ug 
Avg 
$.D. 8.E: SD. 8B. resp. 8.D: S.E. 


12 ug 


S.E. 


6 ug 
8.D. 


nares 
Avg 
resp. 


lug 


Avg 


Cortisone 


Strain 
057 BR/a 


RESPONSE INBRED 
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an 
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41.5 


11.8 


39 


28% 


Free alcohol 


Free alcohol 
Acetate 


Acetate 


129 * BR/ed 
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DBA/1 
129/Rr 
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* 3 animals. 
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animals to stress. Under mild stress of 


handling (warming and taking blood from a 
nick in the tail vein) the number of circulat- 
ing eosinophils in the 129 is not disturbed 
nearly so much as in the Brown. The 129 
shows a decrease for only one hour, rather 
than 4, and reaches a maximum of —31% in 
contrast with —85% in Browns. When stress 
in 129’s is increased by injecting 10 pg of 
epinephrine, their response is almost identical 
with that of the mildly stimulated Browns. If 
further increased to 20 pg, the same rapid de- 
crease occurs in’4 hours, but the numbers re- 
main low for a longer period, with a decrease 
of 64% still present at 8 hours (not plotted). 
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2 4 6 
TIME AFTER STRESS IN HOURS 
FIG. 3. Hourly response of normal 129 and C57 brown cd male mice to stress. 


It should not be concluded that quiet dis- 
position and poor sensitivity to injected cor- 
tisone are related. The DBA, an extremely 
active strain, is one of the least sensitive to 
injected cortisone. 

Discussion. Two factors to be considered 
in comparing strains are sensitivity and varia- 
bility. 

When a Strain sufficiently sensitive to de- 
tect physiological amounts of hormone is used 
for assay, the work and sources of error in- 
herent in concentration processes may be re- 
duced or eliminated. Sensitive strains fre- 
quently give satisfactory responses when non- 
extracted materials such as .5 cc urine from 
ACTH-treated patients is injected. 

Less variability occurs as maximum eosino- 
penia is approached. Thus in sensitive strains 
4 to 6 animals injected with 6 pg of cortisone 
give a very strong and reliable point, whereas 
smaller doses generally give values with more 
variability. With insensitive strains 24-96 pg 
are required to produce an eosinopenia large 
enough to manifest the reduced variability. 
(Note the exception that B ALB/c’s are most 
variable at 96 pg). 


10 16 


Female mice have been found to respond 
like males by some workers. A few normal 
females (Tumblebrook Farm strain) gave an 
eosinopenia similar to that of males when in- 
jected with ACTH or foreign protein(6), and 
adrenalectomized females have been used for 
assay(7). Experience at the Jackson Lab- 
oratory indicates that females sometimes give 
results similar to males, but generally they are 
less reliable (Table IT). 

In choosing mice for the cortisone assay 
based on a decrease in circulating eosinophils, 
it must be obvious that non-inbred strains are 
less satisfactory because responses differ ac- 
cording to genetic constitution. In inbred 
strains, where individuals are genetically iden- 
tical, this serious variable is eliminated. Their 
use also markedly reduces the number of con- 
trols necessary for assays. 

After considering all factors, the BBF, male 
seems the best animal to use for assay work. 
Although it is rather wild and its veins are 
difficult to see due to the dark tail, it is very 
sensitive to cortisone, and its hybrid vigor 
shown in large litter production and resistance 
to toxic materials makes it economically the 
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preferable strain. 

Summary. Adrenalectomized mice varied 
in response to cortisone according to genetic 
constitution. Some strains were: a) highly 
sensitive. They responded significantly to 1 
ug of cortisone, and maximally to 6 wg. b) 
Relatively insensitive. They responded to 3-6 
pg but required 16 times ‘the dose of a sensi- 
tive strain to approach maximum response. 
c) Too low in eosinophils to be practicable in 
calculations. Males were generally more re- 
liable than females. Normal animals of 2 
strains differed in response to mild stress. 
F, hybrid males from C57BR/cd X C57BL/6 
are recommended for the assay described. 


We are indebted to Ciba Pharmaceutical Co. for 
Desoxycorticosterone acetate pellets used in this 


Effects of Antibiotics on Daphnia.*t 


ANTIBIOTICS ON DAPHNIA 


study, and to Mr. J. Sullivan for technical assis- 
tance. 
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JosEpH C. TURNER AND THEODORA J. LANNON. 


From the Department of Medicine, Columbia University College of Physicians and Surgeons, 
and the Presbyterian Hospital, New York. 


In his recent studies of hemoglobin forma- 
tion in Daphnia, Fox has devised a method 
for estimation of the blood pigment in the 
living animal and shown that its concentration 
increases in response to lowering of the oxygen 
tension of the environment(1). It would ap- 
pear that the hemoglobin system of such small 
aquatic animals may provide a useful tool for 
the study of certain problems of hemoglobin 
metabolism, among them aspects of nutrition. 
Interest in the adaptation of Daphnia to this 
kind of investigation has led to an attempt to 
cultivate the animals free of the natural micro- 
flora of the intestine, which, through synthetic 
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or degradational enzymatic activities, could 
preclude certain types of experiments. At the 
same time, it was recognized that success in 
the attempt might well create a nutritional 
problem, inasmuch as living bacteria in the 
gut will doubtless be necessary for normal 
growth of numerous species, including Clado- 
cera(2), until their vitamin and other require- 
ments have been more fully defined. Accord- 
ingly, it was decided to try to eliminate bac- 
teria and fungi by the use of various combina- 
tions of antibiotics. The results that relate 
especially to the nutrition of Daphnia will be 
reported elsewhere. Meanwhile, in the course 
of the work it appeared that the tolerance of 
Daphnia for some chemotherapeutic agents 
parallels that of man. This fact, together 
with the several convenient qualities of 
Daphnia as a laboratory subject suggested 
that the findings might be of interest from a 
pharmacological point of view, and could per- 
haps be of use to those concerned with the 
toxicity of antibiotics. 

An obvious deficiency of the microcrustacea 
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in experimentation is their size, which makes 
parenteral injection of materials with ordinary 
equipment virtually impossible. There are, 
on the other hand, the familiar advantages 
that Daphnia are readily cultivable in large 
numbers within a small space and that they 
exhibit a number of easily appreciable indices 
of injury, while their transparency permits 
direct microscopic examination in life of cir- 
culating blood cells and viscera. Moreover, 
metabolic rates, in terms of oxygen consump- 
tion, may be readily determined over a period 
of hours, or longer, by the use of Fox and 
Wingfield’s modification(3) of the Winkler 
method. These points are illustrated in the 
data, which compare the toxicities of a num- 
ber of antibiotics for Daphnia. 

Methods. The strain of Daphnia pulex 
employed was cultivated from a single female. 
The maximum length reached is about 2.5 
mm. Routine cultures of Daphnia were main- 
tained in tanks at room temperature, about 
23°C while all experiments were conducted in 
250 ml bottles, each containing about 150 ml 
of water, which were placed in a constant tem- 
perature incubator at 20°C. Considerable dif- 
ficulty was encountered in finding a water of 
suitable composition for certain experiments, 
notably those in which Daphnia were kept 
without food. It appears that a few workers 
have found it possible to keep Daphnia alive 
in pure distilled water for as long as 10 days 
(4). Such tolerance is by no means the rule 
for fresh water crustacea; wide variations in 
ability to retain chloride(4) and in require- 
ment for cations($) occur and may involve 
strain differences. The strain of Daphnia used 
here survived for less than 24 hours in water 
triple-distilled with permanganate. Nor did 
the animals live longer in tap-water bubbled 
vigorously with air and having a total content 
of solids of about 75 p.p.m. and a pH of 7.0. 
After these findings, trials were made of 
natural hard waters containing some 200 
p-p.m. of total solids, of which there were 
about 20 p.p.m. each of calcium and mag- 
nesium, and having a pH of about 7.8 after 
equilibration with air. In such waters Daph- 
nia usually survived regularly for 8 to 10 days 
without food. It was also found that an ar- 
tificial water made up to contain calcium 


685 


superphosphate permitted regular survival of 
most of the animals for 8 to 10 days when 
starved and it was decided to use this water 
routinely. The composition is as follows: 
To each liter of tap water are added 1) 60 mg 
CaSO, 2) 80 mg calcium superphosphate, 
3) 80 mg magnesia alba. The mixture is 
bubbled vigorously with air overnight and 
filtered. Final pH is about 7.9; the electro- 
lyte conductivity corresponds to about 120 
p-p.m. NaCl. 

Chemotherapeutic agents were added in 
varying concentrations to the water and each 
test was run in duplicate in 250 ml bottles 
which were then seeded with about 12 Daph- 
nia. For each experiment controls were set 
up in water alone; these animals invariably 
survived for more than a week even though 
not fed. The end-point generally employed 
to estimate toxicity was death of all of the 
Daphnia. The experiments were terminated 
on the seventh day since the controls usually 
died shortly thereafter. Measurements of pH 
with the glass electrode showed variations 
only within the range 7.8 + 0.1, i.e., differ- 
ences unlikely to influence the results. Where 
feeding was undertaken a suspension was used 
of Chlorella vulgaris grown on agar slants. 
The suspension was adjusted to a standard 
optical density in a Coleman spectrophotom- 
eter and a fixed amount added to each bottle 
at intervals of a few days. Oxygen content — 
of the water was measured by the modification 
of Winkler’s method described by Fox and 
Wingfield(3). The sampling syringes em- 
ployed differed only in detail from theirs. The 
use of phosphoric acid as recommended by 
them was found to give somewhat lower read- 
ings than predicted values when tests were 
performed on distilled water equilibrated with 
air. The substitution of 20% HCl, employed 
by Krogh(6), overcame this difficulty, and it 
was then found possible to obtain values for 
oxygen content having an error of not more 
than 2% even when the sample was about one 
ml. All of the determinations were performed 
in duplicate. The solutes employed in these 
experiments did not introduce any significant 
error. 

Results. In Table I is set forth the com- 
parative toxicity of a number of agents in 
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TABLE I. Survival in Days of Starved Daphnia 
in Varying Concentrations of Chemotherapeutic 


Agents. 
Cone. in pg/ml 
of water 
Group Antibiotic SOE 2b IZ 8 6 

I Penicillin G i 
Terramycin (HCl) } 7 7 Heer 
Chloramphenicol 
Sulfonamides* 

It Streptomycin sulfate 3 4 rey 
Dihydrostreptomycin Cl. 2 5 (pet vi 
Polymixin B 2 3 5 ee) 
Neomycin sulfate 3 3 Preae 

Tit Actidione — — 11 
Bacitracint 7 7 fata 

IV Thiolutint 1 1 Tones 

: Rimocidint nf 2 5 66 
*Tncludes sulfadiazine, sulfamerazine, sodium 


sulfathiazole, succinyl sulfathiazole. 
+ Containing 58.2 units/mg. 
t+ Kindly supplied by Dr. 
Chas. Pfizer & Co. 


Gladys Hobby of 


terms of length of survival of the exposed 
Daphnia, which were starved except for the 
unknown contribution to their nutrition that 
may have been made by the antibiotics them- 
selves or derived from them by bacterial ac- 
tion. The concentrations include those that 
may be reached in the tissues when the sub- 
stances are employed in man. The drugs are 
arranged arbitrarily in groups. In Group I 
are those compounds in common clinical use 
which are absorbed at least moderately well 
from the human intestinal tract and which 
exhibit comparatively little immediate toxicity 
for man. Aureomycin could not be included 
in the studies because it proved to be too un- 
stable. Group II includes agents which are 
known to be rather less well tolerated by man. 
The substances in Groups III and IV are sep- 
arated from the others merely for convenience 
of appraisal in what follows. It may be seen 
that penicillin, terramycin, chloramphenicol, 
and. the sulfonamides exhibited no evident 
toxicity for Daphnia, which showed normal 
activity throughout the duration of the ex- 
periments. No abnormalities were noted in 
their appearance on microscopic examination. 
All of these agents are relatively stable at 
20°C for several days, with the exception of 
penicillin. In separate experiments penicillin 
was added to the water every 2 days, each 
time in amounts sufficient in themselves to 
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restore fully the original concentration, yet no 
evidence of toxicity was found. Nonetheless, 
it is of course possible that the apparent in- 
nocuity represents failure of absorption. 


The streptomycins (Group II) were lethal 
in higher concentrations, but at what may be 
considered therapeutic levels, 7.e., 6 to 12 
pg/ml, they did not affect survival or behav- 
ior. Polymixin and neomycin in man may 
cause renal damage(7,8) and neomycin may 
injure the 8th nerve as well(8). The same 
agents appeared to be highly toxic for Daph- 
nia, which succumbed to their action in less 
than a week. 


Of particular interest is the finding that 
neomycin exerted a specific pharmacological 
action on the gut. After about 24 hours’ ex- 
posure to concentrations of 6 to 12 pg/ml, 
microscopic examination disclosed a very tight 
constriction of the intestine, always at about 
the junction of the first and middle thirds. No 
similar effect was noted with any of the other 
drugs tested. 


Thus far there is substantial agreement for 
each antibiotic considered between toxicity for 
man and for Daphnia. In Group III is baci- 
tracin, apparently harmless to Daphnia, yet 
known to be nephrotoxic in the human sub- 
ject(9). But bacitracin is quite without effect 
clinically if given by mouth because it is de- 
stroyed in the gut, and this may well hold also 
for Daphnia. Actidione was by far the most 
poisonous material tested. In experiments not 
included in the data of Table I it could be 
shown that concentrations as low as 1 pg/ml 
killed Daphnia in a few days. The substance 
has been employed in man to a limited extent, 
and the acute toxicity is described as nausea 
(10). For rodents actidione is highly poison- 
ous, whether instilled into the stomach or 
given intravenously(11); the lethal dose ap- 
pears to lie between 1 and 2.5 mg/kg. 


Group IV includes only 2 fungicidal agents 


for which data as to effects on other species 


are not available, although they are certainly 
not harmless(12). 

For the more toxic antibiotics, in addition 
to the experiments with starved Daphnia a 
corresponding series was run in which the ani- 
mals were fed chlorella. No significant length- 


ANTIBIOTICS ON DAPHNIA 


687 


TABLE ITI. Oxygen Consumption of Daphnia. 


Bottle No. ite 2 3 4 St 6 
No. of Daphnia 0 42 50 57 0 0 
Streptomycin, pg/ml 10 5 10 0 0 0 
Chlorella + + + + + 0 
Oxygen content of water, cc/1 
March 12, p.m. 6.05 6.04 6.06 5.99 6.08 6.03 
Mareh 14, p.m. 5.00 4.06 3.85 3.14 4.32 5.39 
Oxygen loss 1.05 1.98 2.21 2.85 1.76 64 
Calculated -1.05 -1.05 -1.76 
Total oxygen loss 93 1,16 1.09 


from Daphnia 


Oxygen consumption, yl/hr 


Per Daphnia 


sit 


12 10 


Per wg non-exoskeletal N 


-05 


* Bottle 1 represents respiration of chlorella and bacteria; the value for this oxygen loss 


is subtracted in bottles 2 and 3. 


t Bottle 5 represents respiration of chlorella and bacteria; the value for this oxygen loss 


is subtracted in bottle 4. 


ening of life span was seen as a result of 
feeding, 

Having examined the effect of antibiotics 
on the survival of Daphnia, it seemed worth- 
while to find out whether the exhibition of an 
antibiotic might produce a measurable influ- 
ence on metabolism. For this purpose it was 
judged best to employ an agent which in high 
concentration was demonstrably harmful, and 


therefore absorbable, but in lower concentra- _ 


tion was seemingly innocuous. Streptomycin 
has been shown to have these qualities. More- 
over, it was found that a concentration of 
streptomycin sulfate of 10 »g/ml did not, over 
a period of 2 weeks, affect nutrition or egg- 
laying in Daphnia that were fed living 
Chlorella vulgaris. 

In Table II are recorded the data for oxygen 
consumption of Daphnia in the presence of 
streptomycin and in control preparations over 
a period of 2 days. The mean wet weight of 
Daphnia after drying briefly on filter paper 
was 0.3 mg. Eleven molted exoskeletons were 
found by micro-Kjeldahl analysis to contain 
6 pg N. Three separate groups of 25, 28,.and 
28 whole Qaphnia contained, respectively, 55, 
73, and 78 pg N, or a mean of, 2.5 pg per ani- 
mal. The mean non-exoskeletal N is thus 
estimated to be 2 pg, and the rate of oxygen 
consumption may therefore be expressed in 
terms which permit comparison with existing 


data for related species(13). The oxygen loss 
given in bottle 5 represents the respiration of 
bacteria and chlorella (the preparations were 
kept in the dark). This value is regarded as 
a control and is subtracted from the’ total 
oxygen loss given in bottle 4 in order to gain 
an approximation to the amount of oxygen 
used that is attributable to respiration of 
Daphnia. The preparations represented in 
bottles 1, 2, and 3 all contained streptomycin. 
Otherwise, bottle 1 corresponds to control 
bottle 5, and likewise serves for the measure- 
ment of oxygen consumption of bacteria and 
chlorella. The oxygen loss is less than that in 
bottle 5, presumably because streptomycin has 
produced some bacteriostasis. Despite the 
obvious limitations and assumptions involved 
there is good agreement in the figures for 
oxygen consumption of Daphnia with and 
without added streptomycin, and therefore no 
evidence that streptomycin in any way has 
augmented or depressed respiration. In terms 
of non-exoskeletal N, the oxygen uptake of 
Daphnia under these experimental conditions 
appears to be in the neighborhood of 5 x 102 
pl per pg N per hour. 

Discussion. It is of interest to compare this 
value with those obtained by Zeuthen for 
marine microcrustacea of similar size, in acute 
experiments employing either the Cartesian 
diver respirometer or the Winkler method 
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(13). Amongst animals examined by Zeuthen 
were copepods about 0.85 mm long, each con- 
taining some 0.5 pg N. They respired at a 
rate of 7 to 8 x 107 pl Os per wg N per hour. 
Gammarus, containing about 1 mg N, con- 
sumed approximately 2 to 4 x 10° pl Og per 
pg N per hour. Daphnia is intermediate in 
size and the value calculated above for its 
oxygen consumption corresponds well to what 
might be anticipated from Zeuthen’s data. 

It would be interesting to know whether the 
tolerance of Daphnia for the agents listed in 
Group I, Table I, represents truly lack of 
toxicity or, rather, impaired absorption. It is 
probably a fair assumption for the relatively 
stable substances of known structure, ¢@.g., 
chloramphenicol and the sulfonamides, that 
some absorption from the gut took place. The 
same cannot be said for penicillin and terra- 
mycin. It might be possible to examine the 
question directly by placing Daphnia, care- 
fully washed, on agar plates seeded with bac- 
teria of known sensitivity, and so devise a 
modification of the inhibition-zone technic for 
measuring antibiotic concentrations. Such an 
undertaking lies beyond the scope of the 
present work. 

The findings overall indicate a parallelism 
between toxicity of certain antibiotics for 
Daphnia, in terms of survival, and toxicity for 
man, in terms of untoward reactions that have 
limited their use. This is perhaps not surpris- 
ing and in itself suggests no more than that 
Daphnia might profitably be employed as a 
test animal, bearing in mind the advantages 
and disadvantages already noted. The com- 
parative fitness of Daphnia for such practical 
purposes could take on added significance if it 
were shown for any antibiotic that its poten- 
tial harmful effects were reflected experi- 
mentally more clearly in Daphnia than in the 
rodents commonly used. The point may be 
illustrated by an examination of neomycin. 
The initial paper describing the substance re- 
ported that it exhibited little or no toxicity 
for animals(14). Yet within a year clinical 
trials indicated that of 32 patients receiving 
the drug in whom serial urinalyses were done, 
no less than 24 (75%) showed casts. More- 
over, eighth nerve injury was encountered, 
and the conclusion was drawn that the ma- 
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terial should probably not be released for gen- 
eral use(8). No doubt more exacting animal 
experiments would have narrowed this dis- 
crepancy. But it is noteworthy that in 
Daphnia neomycin demonstrated at once and 
unmistakably, a high degree of toxicity as 
judged ‘both by its shortening of life and by 
its apparently Specific action on the gut, which 
was easily seen 7m vivo. These considerations 
provide evidence that in particular instances 
a more successful prediction of potential tox- 
icity can be made from simple experiments in 
Daphnia than from studies in higher animals. 

Summary. 1. The survival of Daphnia fol- 
lowing exposure to varying concentrations of 
chemotherapeutic agents was studied. 2. The 
toxicity of the antibiotics for Daphnia in terms 
of survival showed a correspondence to their 
acute toxicity for man, in terms of untoward 
reactions. 3, An apparently specific pharma- 
cological action of neomycin on the gut of 
Daphnia is described. 4. The oxygen con- 
sumption of Daphnia was found to be about 
5 x 107 pl per pg N per hour. The rate was 
not altered following addition of 10 pg/ml of 
streptomycin. 5. The use of Daphnia as a test 
animal for screening antibiotics is considered. 
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A Growth Factor for L. citrovorum Synthesized by Hemopoietic Tissue 


Reversing Aminopterin and Chloromycetin Inhibition.* 
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(Introduced by C. C. Sturgis.) 


From the Thomas Henry Simpson Memorial Institute for Medical Research, Ann Arbor, Mich. 


When suspensions of leukocytes or myeloid 
elements of bone marrow. obtained from 
human sources are incubated with folic acid 
under conditions similar to those described for 
rat liver tissue(1,2), a substance is formed 
which stimulates the growth of L. citrovorum 
without the addition of folinic acidt but 
which cannot be assayed accurately(3) using 
this vitamin as a standard curve. When tur- 
bidity readings are plotted against increasing 
concentrations of leukocyte extracts, a growth 
response curve is obtained which is distinctly 
different from folinic acid (Fig. 1). Treat- 
ment with hog kidney conjugase(4) does not 
alter the type of response curve, an indication 
that the factor is not a glutamyl conjugate of 
folinic acid(5). 

Since this factor is produced by an en- 
zymatic process in hemopoietic tissue in the 
presence of folic acid, it has been tentatively 
designated as hemofolin for reference pur- 
poses. Although it would appear that hemo- 
folin is a hitherto undescribed derivative of 
folic acid, the possibility remains that it is a 
product of some reaction in which folic acid 
is an obligatory participant: 

Hemofolin has also been characterized as 
to its role in reversing the inhibition of 
L. citrovorum produced by 4-aminopteroyl- 
glutamic acid (Aminopterin) and by chloram- 
phenicol (Chloromycetin). The results in 
Table I show ‘that both hemofolin and folinic 
acid reverse Aminopterin inhibition. In the 
case of some levels of chloromycetin inhibi- 
tion, however, whereas folinic acid is inactive 
as a reversing agent, hemofolin will promote 
growth of the bacteria in the presence of the 
antibiotic. 

These data assume importance from several 
standpoints. In the first place, the differing 


* Supported in part by a grant from Parke, Davis 
and Co. 

+ We are indebted to Dr. William Shive of the 
University of Texas for this material. 


behavior of hemofolin and folinic acid in 
chloromycetin inhibition- reversal studies 
serves to emphasize the distinctiveness of 
hemofolin and to offer a further means of dis- 
tinguishing it from folinic acid. The fact that 
hemofolin can overcome the growth inhibition 
of chloromycetin constitutes evidence relating 
the action of this antibiotic to folic acid 
metabolism in bacteria. Some preliminary 
results have indicated that such a relation 
exists in animal tissue as well(6). 


These inhibition studies also suggest that 
the metabolically active form of the folic acid 
vitamins in L. citrovorum may be more closely 
identified with hemofolin than with folinic 
acid. The reversal of aminopterin by both 
folinic acid and hemofolin and of chloromy- 
cetin by hemofolin alone is interpreted to 
mean that folinic acid is a metabolic ante- 
cedent of hemofolin. 

Attempts at concentration of hemofolin 
have been hampered by the extremely small 
amounts of the substance available. It has 
not been demonstrated to occur in leukocytes 
prior to incubation with folic acid, in liver 
tissue before and after folic acid incubation, 
or in kidney or intestine although its presence 
in some of these substances may be masked 
by the preponderance of other vitamin forms, 
There is some evidence that it occurs in cer- 
tain types of yeast extract. It is hoped that 
the development of specific inhibition analysis 
technics will enable a more critical evaluation 
to be made as to whether hemofolin normally 
exists in natural materials. 

For the most part, sources of the hemofolin- 
producing enzyme have been the peripheral 
leukocytes of persons with chronic leukemia. 
Assigning a value of 10 units to the amount of 
hemofolin necessary for optimal growth in 
L. citrovorum, from 250 to 700 units are 
formed per ml of leukocytes under the assay 
conditions employed. These include addition 
of folic acid and ascorbic acid with incubation 
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GALVANOMETER READINGS 


Ms FOLINIC ACID 5 1.0 1.5 
UNITS HEMOFOLIN 2 co c 


GROWTH FAcToR For L. citrovorum 


FOLINIC ACID 
STANDARD 
HEMOFOLIN 

(LEUKOCYTE EXTRA 


20 25 
8 10 


FIG. 1. 24 hr growth response of Leuconostoc citrovorum to a substance contained in leukocytes 
incubated with folic acid (hemofolin). 


at 38°C in phosphate buffer pH 7.0. The en- 
zyme for producing hemofolin has also been 
found in splenic tissue from various animals. 

From the evidence presented as to its mode 
of formation, it might be presumed that hemo- 
folin is closely related to or identical with an 
active coenzyme form of folic acid which is 
of special significance in hemopoietic cells. 
In this connection, it might be suggested that 
the ability to produce hemofolin is lacking in 
pernicious anemia. However, experiments 
have shown that bone marrow cells from un- 


TABLE I. Reversal of Aminopterin and Chloro- 
mycetin Inhibition of L. citrovorum by Hemofolin. 


Amt for % max growth 


=~) 
Coneen- Folinic Hemofolin 
tration, acid, concentrate, 
Inhibitor y/tube my/tube units/tube 
None — 1.25 5 
A e § 25 3.40 10.9 
Aminopterin ) 50 5.80 25 
pam SF § 40 >250 14.4 
Chloromycetin 1 90 $250 518 


treated pernicious anemia patients can syn- 
thesize hemofolin where folic acid is the sub- 
strate. 


Summary. An apparently new growth fac- 
tor for L: citrovorum has been described. It 
is differentiated from folinic acid on the basis 
of growth-response curves, and reversal of 
chloromycetin inhibition. This factor is pro- 
duced by homopoietic tissue incubated with 
folic acid and has been called hemofolin. 
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Study of Antifoaming Agents and Preliminary Evaluation of their Use 


in Experimental Pulmonary Edema. 


(19733) 


Mitton B. ROSENBLUTH, FREDERICK H. EpsTEIN, AND DANIEL J. FELDMAN. 
(Introduced by Irving Graef.) 
From the Goldwater Memorial Hospital, and the Department of Medicine, New York University 
College of Medicine. 


In some patients who die in an attack of 
pulmonary edema it seems likely that an im- 
portant cause of death is asphyxia due to 
mechanical interference with gaseous inter- 
change due ‘to foam which fills the airways. 
If this foam could be collapsed, the volume 
of the resulting liquid would be only a small 
fraction of the original foam volume. 
airways would be cleared to the extent of the 
difference between these 2 volumes. In cer- 
tain cases of pulmonary edema the resultant 
increased effectiveness of administered oxygen 
could be of great value. 


The first phase of this investigation was 
concerned with the testing of various anti- 
foaming substances on transudate fluid im 
vitro, the second phase with an evaluation of 
their use in experimental pulmonary edema. 

I. Comparison of antifoaming activity of 
various substances in vitro. Method. Foam 
was produced from ascitic fluid which is con- 
sidered similar to pulmonary edema fluid. The 
fluid was poured into a vertical glass cylinder, 
closed below by a rubber stopper, perforated 
to permit the passage of a fritted glass tube. 
Oxygen was bubbled through this tube into the 
fluid at a constant rate until a given volume 
of foam was made. Oxygen was then turned 
off and the rate of foam collapse measured. 
The foam was then remade to the original 
volume, ‘the antifoaming agent to be tested 
was dripped into the tube from a small syringe 
through a 20-gauge needle and the rate of col- 
lapse again measured. The rates of foam col- 
lapse before and after addition of the anti- 
foaming agent were expressed as a ratio and 
termed ‘Foam Destruction Index” (I;). 
Finally, Oxygen was once more bubbled 
through the fluid which now~contained anti- 
foaming agent and the rates of foam formation 
before and after addition of the agent were 
compared; their ratio was termed “Foam Pre- 
vention Index” (Iz). The indices I, and I» 


The .- 


TABLE I. 
Antifoaming Activity of Various Agents. 


cI 
cS 


prevention 


index* 


Antifoaming agent 


bo 
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I 

Control 1 
. Ether 2 
. Ethyl alcohol 2 
» Octylic 7 16 
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ey 


. DCAA 5% in ether 
LN (iy) ae 

. TBP 1% in water 

” 100% 38. 

. Aerosol 18 5% in water 
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tions. For abbreviations, see text. 


measure the effectiveness of the antifoaming 
agent in dissolving foam and preventing foam 
formation, respectively. This method, modi- 
fied from Bickerman(1), was found to yield 
reproducible results if care was taken to carry 
out every step in a suitably standardized 
manner. 

Results. Some representative findings ob- 
tained by the method. described are sum- 
marized in Table I. The relative ineffective- 
ness of ether and ethyl alcohol, pharmacologi- 
cally suitable, in comparison with octylic al- 
cohol, entirely unsuited for inhalation, 
prompted a search for agents combining clin- 
ical usefulness with efficacy. DC Antifoam A 
(DCAA), a methylpolysiloxane, has been 
shown to be non-toxic(2). However, solutions 
of DCAA in ether are only moderately effec- 
tive. Tributylphosphate (TBP), although a 
powerful antifoamer, was irritating on inhala- 
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ANTIFOAMING AGENTS AND PULMONARY EDEMA 


TABLE II. Effect of an Antifoaming Agent (DC Antifoam A) on the Development of 
Adrenaline-Induced Pulmonary Edema in Rabbits. 


Total Degree 
adrenal- of pulm, Lung:body Survival Mode of ,—Pulm. edema— 
Agent Wt,kg ine,mg edema ratio* time,t min death Present Absent 
Control animals 
2.5 1.8 2 60 20 Ss ate 
Norm. saline oud: 2 3+ .84 20 eis) - 
2.3 2 2 -89 35 Ss + 
21 2.5 ee 64 20 N ae 
Ether 2.4 2.5 2 85 10 Ss + 
2.3 2.5 2 64 15 SS) + 
2.5 2.5 2 73 15 N + 
e 2.5 2 3+ 80 20 Ss Bi: 
None | 2.5 2.5 34 1.10 15 N tt 
Treated animals 

( 2.9 2.5 0 42 15 Ss =i 

2.4 225 ? 56 15 iv. air + 
5% DCAA 2.5 1.5 2 74 15 S) + 
2.4 2.5 2 87 15 N + 
2 2 2 95 10 Ss + 

[ 3.4 3 @ 44 25 E + 

2 2.5 0 52 15 N Ai 

10% DCAA 3.3 2.5 0 34 15 SS) + 
2.6 2.5 2-+- 85 15 N == 
2.2 2.5 3+ ies 'G} 15 N + 


* Lung: body ratio—lung wt X 100/body wt. 
T—trace. S—spontaneous. N—nembutal. E—electrocuted. 


tion unless diluted to at least 1% at which 
point it lost most of its potency. Combina- 
tions of DCAA and certain detergents (Aer- 
osol 18 and Aerosol OT), with or without 
TBP, enhance antifoaming activity to a re- 
markable extent. Although Aerosol OT (Di- 
octyl sodium sulphosuccinate) appears to be 
‘non-toxic on ingestion(3), inhalation of re- 
lated aerosols in concentrations over 0.1% was 
found to be injurious to the lungs(4). The 
usefulness of this method’ in determining the 
antifoaming activity of various agents is sug- 
gested by these data. 

Il. Effect of antifoaming agent (DC anti- 
foam A) on adrenaline-induced pulmonary 
edema in rabbits. Five and 10% solutions of 
DCAA in ether were the agents studied. More 
potent agents (Table I) were not used because 
of their tendency to produce lung damage. 
Pulmonary edema was produced by the slow 
intravenous injection of dilute adrenaline solu- 
tion (0.25 mg per ml). This modification was 
found to reduce death rate within the first 10 
minutes following injection(9,10). Adrena- 
line and antifoaming agent or control solution 
were administered in a standard manner. 
Male rabbits were placed in a holding box and 


+ Measured from start of adrenaline. 


antifoam or control solution directly sprayed 
into the mouth through a Devilbiss atomizer. 
After the animal received 3 to 5 squirts per 
minute for 5 minutes the adrenaline solution 
was injected into an ear vein at the rate of 
one ml per minute. The injection was con- 
tinued until the animal either had received 
10 ml (2.5 mg) of adrenaline solution or de- 
veloped manifest pulmonary edema. During 
this period the spray was continued at 2 min- 
ute intervals. The solutions used were stained 
with methylene blue and examination of the 
lungs postmortem showed that satisfactory 
penetration of the sprayed solution had been 
obtained. The rabbits that did not die spon- 
taneously were sacrificed after a period of 15 
to 25 minutes and autopsied immediately. A 
total of 19 rabbits were used, of which 10 re- 
ceived the antifoaming agent and 9 received 
control solutions. A gross estimate of the de- 
gree of pulmonary edema was made by observ- 
ing the lungs and tracheobronchial tree. A 
more quantitative estimate was obtained by 
determining the ratio of lung weight to body 
weight. This ratio in normal untreated rab- 
bits was approximately 0.46 but to account 
for the presence of pulmonary congestion a 
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ratio above 0.6 was considered indicative of 
pulmonary edema. Lung:body ratios seemed 
to correlate well with the degree of observed 
pulmonary edema. Since the scope of this 
study was limited to evaluating the effect of 
antifoaming agent on the development of 
gross pulmonary edema, ultimate recovery and 
survival, and the histologic appearance of the 
lungs were not studied. The findings are sum- 
marized in Table II. All of the control ani- 
mals developed frank pulmonary edema. In 
contrast 5 out of 10 antifoam treated animals 
showed evidence of pulmonary edema. Half 
of the treated group received 5% solutions of 
DCAA and the other half 10% solutions. It 
would seem that the antifoaming agent had 
significantly reduced the incidence of pul- 
monary edema. 

Comment. The usefulness of antifoaming 
agents in the treatment of pulmonary edema 
is suggested by the finding that the condition 
could be prevented in half of the treated ani- 
mals. In those animals in which pulmonary 
edema developed in spite of treatment with 
antifoaming agent, there is always a certain 
amount of doubt whether adequate amounts 
of the agent had penetrated deeply enough. 
It is felt that the availability of a more satis- 
factory antifoaming agent and a more efficient 
way of administering it might have increased 
the proportion of successfully treated animals 
beyond the reported 50%.. 

Summary. 1. The collapse of the foam 
which fills the tracheobronchial tree in cer- 
tain cases of pulmonary edema would be ad- 
vantageous in the management of this condi- 
tion. This might be accomplished by the use 
of antifoaming agents. 2. A method for meas- 
uring antifoaming activity in vitro is described 
and various antifoaming substances are com- 
pared by this method in terms of their foam- 
destroying power. 3. The inhalation of one 
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of these substances, a solution of the silicone 
DC Antifoam A, in ether, was shown to reduce 
the incidence of adrenaline induced pulmonary 
edema in rabbits by 50%. 


DOAA: DC Antifoam A, supplied through courte- 
sy of Dow Corning Corp., Midland, Mich. 

Aerosol 18 and Aerosol OT, supplied through cour- 
tesy of Am. Cyanamid Co., New York City. 

TBP: Tributylphosphate, supplied through cour- 
tesy of Commercial Solvents Corp., New York City. 
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Effect of Cortisone and Adrenocorticotropic Hormone on Delayed Hyper- 


sensitivity to 2,4-Dinitrochlorobenzene in Guinea Pigs.* 


WAYBURN S. JETER AND Paut M. SEEBOHM. 


(19734) 


(Introduced by J. R. Porter.) 


From the Departments of Bacteriology and Internal Medicine, College of Medicine, 
State University of Iowa, Iowa City. 


Cortisone and adrenocorticotropic hormone 
(ACTH) have been reported effective in sup- 
pressing skin reactivity of the delayed type to 
tuberculin in animals(1-3), and in human 
beings(4). Varied results have been reported 
in immediate type of allergic reactions, ¢é.g., 
anaphylaxis(5-7), Prausnitz-Ktistner  reac- 
tions(8), and Arthus reactions(9). ACTH 
accelerates the recovery rate of clinical con- 
tact dermatitis provided the offending con- 
tactant has been withdrawn from the skin 
(10). No investigations of the locus of the 
effect of these hormones on delayed reactivity 
to simple chemical compounds in experimental 
animals have been reported. 


We undertook the present investigations 
with the purpose of determining: 1) the ef- 
fect of these hormones in varied doses on 
guinea pigs previously sensitized to 2,4-dini- 
trochlorobenzene; and 2) the effect of therapy 
during the sensitization period on subsequent 
skin reactivity. 


Materials and methods. White and light- 
skinned guinea pigs weighing 250-350 g and 
maintained on an ad libitum diet of rabbit 
pellets (Purina) and leafy vegetables were 
used in all experiments. All animals were sen- 
sitized with 2,4-dinitrochlorobenzene using a 
modification of the method of Landsteiner and 
Jacobs(11). A 1% solution of 2,4-dinitro- 
chlorobenzene (Eastman) in olive oil was 
painted on a shaved area of skin at the back 
of the neck each day for 7 days. After an ad- 
ditional 7 days the animals were tested with 
the chemical in oil on an area of the back ap- 
proximately 1 cm square which had been 
shaved and treated with depilatory cream 
(Neet). Skin reactions were read at 24 and 
48 hours after testing. Reactions were desig- 
nated arbitrarily as: +++, marked homo- 


* This investigation was supported by a grant 
from the Central Scientific Fund, College of Medicine, 
State University of Iowa. 


geneous erythema; ++, homogeneous ery- 
thema; +, erythema; and 0, no reaction. 

The hormones (Cortone, Merck, and 
Acthar, Armourt) were administered intra- 
muscularly in the hip. Cortisone was adminis- 
tered twice daily at 8 A.M., and 3 P.M., and 
ACTH was given 3 times daily at 8 A.M., 3 
P.M., and 10 P.M. All animals were ob- 
served frequently for signs of drug toxicity. 

Results. Series 1. Three groups of 8 ani- 
mals which had been previously sensitized and 
which showed marked skin reactions were 
used. One group was used as a control, the 
second received cortisone, 10 mg per day, and 
the third group received ACTH, 15 mg per 
day. The animals were treated for 48 hours 
and the skin was tested. Therapy was con- 
tinued through the observation period. No 
difference in skin reactivity was noted between 
the groups. 

Series 2. Groups of 4 animals were treated 
in this series, the dose of cortisone being in- 
creased to 20 mg and 30 mg per day for 2 
groups, and the dose of ACTH being increased 
to 30 mg and 45 mg per day. Again no dif- 
ference in reactivity was noted between ex- 
perimental groups. 

Series 3. Since the animal tolerated the 
hormones well, the dose of cortisone was in- 
creased to 50 mg per day, and the dose of 
ACTH to 75 mg per day. A diminution of 
skin reactivity was not evident. Table I 
shows extremes in reactions for each group of 
the first 3 series. 

Series 4. Since these hormones proved in- 
effective in preventing skin reactivity once 
sensitization had been initiated, it seemed pos- 
sible that the drugs might in some way affect 
the course of sensitization. To test this hy- 
pothesis 7 groups of 4 animals each were sen- 


+ We are indebted to Merck and Co., Rahway, 
N. J., for Cortone brand of Cortisone acetate and 
to Armour and ‘Co., Chicago, Ill., for Acthar brand 
of ACTH used in these experiments. 


HYPERSENSITIVITY TO 2,4-DINITROCHLOROBENZENE 


TABLE I. Effect of Varied Dosage of Drugs on 


Skin Reactivity in Previously Sensitized Animals. 


Dosage/day, ,—Skin reactivity— 
Treatment mg 24 hr 48 hr 
Control 0 | 
ACTH 15 | 
Cortisone 10 
ACTH 45 pal IG Ya tes eed pa 
Cortisone 30 
ACTH 75 
Cortisone 50 


*3+—= marked homogeneous erythema; 2+ = 
homogeneous erythema; + —=erythema; 0 —no 
reaction. 


TABLE II. Effect of Treatment During 


Sensitization. 
Dosage/day, .———Skin test——_, 
Group mg 24 hr 48 hr 

Control 0 2+ -3-+* + -2-+ 
: 10 2-- = 3o- += 2-- 

Cortisone 20 3+ 2+ 
30 2+-—3+ + -2+ 
15 pee ae See ee 
ACTH 30 2-- — 3-- Sie ca 
45 Daas ose 


*34+.— marked homogeneous erythema; 2+ — 
homogeneous erythema; -+=erythema; 0—no 
reaction, 


sitized as previously, except that doses of 10, 
20, and 30 mg per day of cortisone and 15, 
30, and 45 mg per day of ACTH were given 
to 6 groups with the 7th retained as a control. 
Treatment was continued during the course of 
the sensitization process (7 days). At the end 
of this period the sensitizing sites were care- 
fully washed several times with 95% ethyl 
alcohol in an attempt to remove any residual 
chemical. After a period of 7 days the ani- 
mals were skin tested. Extreme results of 
each group are presented in Table II. No sig- 
nificant differences were observed. 


Discussion. These results indicated that 
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cortisone and ACTH in the doses and manner 
used played no role in diminishing the skin 
reactivity to 2,4-dinitrochlorobenzene in 
guinea pigs. Further, it was shown that these 
animals are not adversely affected by massive 
doses (200 mg cortisone, 300 mg ACTH per 
kg body weight per day), when administered 
over a period of several days. These drugs 
also proved ineffective under the conditions 
employed in preventing sensitization with a 
simple chemical compound. 

Summary. Guinea pigs sensitized to 2,4- 
dinitrochlorobenzene were treated with small 
to massive doses of A'CTH and cortisone with- 
out reducing their skin reactivity to topical 
application of a solution of the drug. At- 
tempts to prevent sensitization by treatment 
during the sensitization period were negative. 
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Influence of Sex on the Transplantability of Mouse Mammary Tumors. 


(19735) 


M. C. REINHARD AND E. A. MIRAND. 


(Introduced by Oliver P. Jones.) 


From Roswell Park Memorial Institute, Buffalo, N. Y. 


While the relationship between sex and the 
development of certain spontaneous tumors in 
mice ‘has been established definitely, there are 
comparatively few examples of a sex difference 
in susceptibility to transplanted tumors. 
Klein(1) cites several of these examples and 
further demonstrates that for the same tumor 
certain strains of rats fail to exhibit a sex 
difference, whereas another strain does exhibit 
a significant sex difference. 

Experiments performed in this laboratory 
show that transplantable mouse adenocarcino- 
mas always produce 100% takes in either sex, 
so that in routine transplantation by tumor 
fragment no sex difference has the opportunity 
to become apparent because a sufficient num- 
ber of viable tumor cells is always inoculated 
to produce 100% takes. However, we have 
been able to control the percentage of takes 
by the inoculation of known quantities of 
viable tumor cells(2-4); and accordingly we 
have produced takes varying from 0 to 100%, 
depending on the number of viable cells inocu- 
lated. Therefore, if the percentage of takes 
can be considered a criterion of sex influence, 
this influence has the opportunity of manifest- 
ing itself where the expectancy of takes is less 
than 100%. 

This study concerns observations which 
show that under certain specific conditions 
there is a distinct strain difference in the be- 
havior of two transplantable mammary adeno- 
carcinomas in male and female mice. 

Materials and methods. The transplantable 
mouse mammary adenocarcinomas of the 
“dba” and Marsh-Simpson strains were used 
in our experiments. The method of preparing 
the tumors for suspension and counting the 
viable tumor cells was essentially that of 
Schreck(5). A subcutaneous tumor 7 to 10 
days old, free of necrotic material, was re- 
moved aseptically from the mouse and placed 
in a sterile mortar. The tumor tissue was cut 
into small pieces with a scissors and then 
ground thoroughly in the mortar and made 


into a suspension by the addition of Tyrode’s 
solution. After 5.to 10 minutes of grinding, 


‘the suspension was filtered twice through a 


double thickness of handkerchief linen. To 
0.1 cc of the suspension were added 4.9 cc of 
erythrosin stain dissolved in Tyrode’s solution 
(1-1000) devoid of glucose. The solution was 
shaken for a 5-minute period and examined in 
a Neubauer hemocytometer. The appearance 
of the suspension under the microscope was 
that of individual cells with few or no clumps. 
Some cells were stained pink and others were 
unstained. According to Schreck, the un- 
stained cells are viable cells and were so 
counted. 

Male and female mice of the dba and 
Marsh strains, about 6 weeks old, were inocu- 
lated subcutaneously with 0.05 cc of cell sus- 
pensions made from dbrB and Marsh-Simpson 
tumors, respectively. The mice were pal- 
pated semiweekly for the appearance of tu- 
mors. When the tumors reached a size of 
approximately 0.2 cc, the animals were sacri- 
ficed and the tumors examined microscop- 
ically. Periodically there was a macroscopic 


TABLE I. Percentage Takes in Males and Females 
of the Marsh-Simpson Strain of an Inoculated 
Transplantable Mammary Adenocarcinoma, Marsh. 


Males———_, ; Females ——, 
Total ,—Takes— Total ——Takes— 
Exp. No mice No % mice No % 
177 23 8 34.8 21 10 47.6 
178 21 19 90.5 19 12 = =©63.2 
181 10 9 90 9 8 89 
182.C 22 18° 59 20 15 75 
182 30: fice 19 5 «26.3 
186 Bo 6 18.2 . 26 Sy maha hi BGs 
197 25 16 64 23 20 87 
210 34 30 = 88.2 25 22 «88 
212 5 4 80 ., 14 UD) 7825 
219 20 Ia 35) 16 6 37.5 
221 30 24 80 10 9 90 
222 22 LG Se ed 13 LO iit 
223 8 4 500g 29 13 44.8 
225 28 10° 35:7 14 LOO aides, 
B11, — 177. 571.9258) dase 
ete 
2.06 
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TABLE II. Percentage Takes in Males and Fe- 
males of the dba Strain of an Inoculated Trans- 
plautable Mammary Adenocarcinoma, dbrB. 


; Males < r Females ——, 

Total —Takes— Total —Takes— 

Exp.No. mice . No. % mice. No. % 
184 14 12 86 17 11 65 
190 15 7 47 21 12 57 
193 47 Birt 79 6 5 83 
196 i) 1 20 Up 7 26 
202 9 5 56 18 6 33 


90 62 69+3.3 89 41 46 


+£3.57 


examination of the gross tumor. 


Results. A study of our data was carried 
out where there were less than 100% takes in 
the 2 strains of mice, 7.e., the Marsh and the 
dba strains. The data for 311 males and 258 
females of the Marsh strain are shown in 
Table I. It is evident from this table that 
there is no consistent difference between the 
sexes in the individual experiments and no 
significant difference between the percentages 
when all animals are considered collectively. 

On the other hand, the data of 90 males 
and 89 females of the dba strain, although 
showing no consistent sex influence for the in- 
dividual experiments, do show a significant 
difference when considered collectively as 
shown in Table IT. 


Discussion. Thus, the growth and develop- 
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ment of the dbrB tumor in the dba strain ap- 
peared to be related to the sex of the host, 
whereas no significant sex difference in the 
number of takes was observed in the Marsh 
strain when inoculated with a Marsh-Simpson 
tumor suspension. Experiments are in prog- 
ress to examine further the possibility that the 
difference in tumor-take incidence observed 
for these adenocarcinomas might be explain- 
able on an endocrine basis. From these ob- 
servations, probably a sex difference in sus- 
ceptibility to transplanted tumors may be 
present in some strains and absent in others. 

Summary. <A significant sex difference in 
incidence of tumor takes appeared when a 
known quantity of viable mammary adenocar- 
cinoma cells in a dbrB tumor cell suspension 
was inoculated subcutaneously into dba mice, 
where males were more susceptible than fe- 
males under similar conditions. This sex dif- 
ference was not noted when a Marsh-Simpson 
mammary adenocarcinoma tumor cell suspen- 
sion was inoculated into Marsh mice. 
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Concentration of Lipid Phosphorus in Tumor and Carcass of Rats 


Growing Walker Carcinoma 256.* 
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From the Department of Biochemistry, University of Rochester School of Medicine and Dentistry, 
Rochester, N. Y. 


The progressive growth of Walker carci- 
noma 256 in albino rats has been shown(1-3), 
to cause a loss of lipid from the carcass, which 


* This itvestigation was supported by a research 
grant from the National Cancer Institute, of the 
National Institutes of Health, Public Health Service ; 
and by a grant from the Fluid Research Fund of 
the University of Rochester School of Medicine and 
Dentistry. 


loss of lipid, rather than failure of appetite, 
accounts for the caloric deficit produced in the 
animals(4). In view of the lipemia character- 
istic of rats growing Walker carcinoma 256 
(2,3), and the high concentration of phospho- 
lipids in this tumor, a direct comparison of 
the phospholipid concentration in the tumor 
and the carcass of the host rat, and in the 
carcass of the host rat and of suitable control 
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Lipip PHosPHORUS CONCENTRATION IN TUMORS 


TABLE I. Concentration of Lipid Phosphorus in Walker Carcinoma 256 and in Normal, 
Control and Host Rats. 


Lipid phosphorus, g per 100 g-————————__, 


(ates eee 
% fat-free 
No. % ary tis- dry tissue 
Group rats sue (avg) Stand. dev. (avg) Stand. dey. 
I Young rats 
a—Normal 11 .156 O10 210 011 
b—Rats plus tumor 11 166 At) -216 015 
II Young rats ; 
a—Normal 12 124 .020 190 .024 
b—Rats plus tumor 5 73 022 196 022, 
III Adult rats 
a—Controls; non-tumor rats 7 089 .003 137 .012 
killed when tumors started 
to grow in rats of c— 
b—Controls; non-tumor rats 7 -092 -010 134 .018 
pair-fed to tumor rats of ° 
fe 
e— Tumor rats 7 
Carcass 122 018 137 023 
Tumor 195 036 224 043 
Carcass plus tumor 135 018 153 023 
IV Adult rats 
a—Controls; non-tumor rats 9 .095 .007 153 .006 
killed when tumors started 
to grow in rats of e— 
b—Controls; non-tumor rats 6 .084 .007 143 -010 
killed with tumor rats of 
pe 
¢e-——Tumor rats 8 
Carcass ~ 106 .009 156 013 
Tumor 276 -039 332 047 
Careass plus tumor 131 016 186 020 


rats is needed. This paper presents such a 
comparison for lipid phosphorus and for an 
alkali-resistant phospholipid, both of which 
are found to be concentrated in the tumor. 

Materials and methods. Male albino rats 
and Walker carcinoma 256 grown subcutane- 
ously, were used throughout the experiments. 
The rats of Groups I and II (Table I) were 
young; their body weights at the time of 
tumor transplantation averaged 74 g. The 
animals of Groups III and IV were adult rats 
from Dr. G. B. Mider’s laboratory; the aver- 
age body weights were 190 g and 230 g, re- 
spectively, at the time of tumor transplanta- 
tion. 

The rats of Groups I and II received ad 
lb. Diet 262 containing 21.3% coconut oil 
(5). In Group III, the rats without tumor 
were pair-fed with the tumor rats which ate 
ad lib. Data for the rats of this group, for 


the technic of pair-feeding, and for the diet, 
have been described previously(4). The loss 
of appetite which occurs during tumor growth 
was counteracted by force-feeding the animals 
of Group IV with the high-fat diet of Ingle 
(6) modified by the substitution of lactalbu- 
min for casein, and the addition of 1 g of 
choline per kg of diet. Each rat in the group 
received 20 g of diet per day (50 cal per day) 
by stomach tube. ; 
The rats of Group I were killed by diethyl 
ether 2 weeks after tumor transplantation 
when the tumors constituted from 0.26 to 
8.8% of the total body weight. Group II was 
killed by diethyl ether 3 weeks or more after 
transplantation, when the tumors comprised 
from ‘22 to 52% of the total body weight. The 
whole rat plus weighed tumor was ground and 
dried in the frozen state (lyophilized) (3). 
The rats of Group IV were decapitated and 
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the blood collected in saturated citrate. Nine 
animals without tumor were killed 7 days 
after transplantation of tumor in the experi- 
mental group when the tumor had started to 
grow. Six rats without tumor were killed 
when the rats with tumor were killed, at 4 and 
5 weeks after transplantation; at this time the 
tumors were 20% of the body weight, except 
for one which was only 7%. Lyophilized 
dried carcass and tumor tissues were prepared 
as described(3). 

The methods used for extraction and deter- 
mination of the total lipid of the tissues(3) 
and of the blood plasma(2) have been de- 
scribed previously. In this study the concen- 
tration of lipid phosphorus rather than of 
phospholipid was determined in order to elim- 
inate the use of an oxidative factor for a mix- 
ture of phospholipids, since a single factor 
might be considerably in error in the case of 
tumor where the phospholipids may differ 
qualitatively from those in the host rat. Since 
chloroform-methanol was used for extraction 
in addition to alcohol-ether, our values repre- 
sent virtually all the lipid phosphorus of the 
tissues; (the phospholipids of both wet and 
dry tissues are incompletely extracted by 
alcohol-ether alone) (7,8). Lipid phosphorus 
was determined in duplicate on the solutions 
of total lipid by the method of Kuttner and 
Lichtenstein(9). On samples from Group 
IV, an alkali-resistant phospholipid was iso- 
lated from the fatty acid fraction as the lead 
salt(10) and the amount determined oxi- 
datively. 


Results. The values for lipid phosphorus 
as percentage of the dry tissue and of the fat- 
free dry tissue, respectively, are given in Table 
I. That lipid phosphorus concentrates in 
Walker carcinoma 256, is evident from the re- 
sults for the adult rats of Groups III and IV 
where tumor and carcass were analyzed sepa- 
rately. The values for tumor are significantly 
higher (P = <.01 in both groups) than those 
for carcass of the rat with tumor, whether they 
are expressed as percentage of dry tissue or of 
fat-free dry tissue. The difference between 
tumor and carcass was not the result of a de- 
crease in the lipid phosphorus concentration in 
the carcass, since the values for carcass are the 
same or slightly higher than the values for rats 
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killed either when the tumor started to grow 
or when the tumor rats were killed. The 
greater concentration of lipid phosphorus in 
the tumor is also shown by the fact that values 
are significantly higher (P = <.01) in the 
combined carcass plus tumor than in the non- 
tumor animals of either of the control groups. 
The tumor-bearing rats given 50 cal per day 
of a high-fat diet by gavage (Group IV) had 
a significantly greater (P = <.01) concen- 
tration of lipid phosphorus in their tumors 
than did similar rats which consumed diet 
ad lib. (Group IIIc). 

Lipid phosphorus was also concentrated in 
the tumors of the young rats of Groups I and 
II since values for the rat plus tumor (per- 
centage dry tissue) are significantly higher 
(Group I—P = >.02, <.05; Group II—P 
= <.01) than values for the normal rats. It 
is interesting to note that the values for lipid 
phosphorus of the normal young rats of these 
groups are higher than the values for the nor- 
mal adult rats of Groups III and IV. 

Although little is known regarding the com- 
parative concentration in tumor and rat of the 
different kinds of phospholipid which con- 
tribute to the high lipid phosphorus concen- 
tration of Walker 256, the concentration of a 
phospholipid fraction which is highly resistant 
to alkali has been determined for the animals 
of Group IV and is presented in Table II. 
The concentration was significantly greater 
(P = <.01) in the tumor than in the carcass 
of the tumor rat, or in the rats of either of the 
control groups. 


Discussion. The high concentration of 
phospholipid in tumors as compared with 
various other tissues of the body has been 
known for almost half a century. The mag- 
nitude of the concentration has now been de- 
termined by this comparison between the tu- 
mor and the rest of the rat’s body. The greater 
concentration of lipid phosphorus in the tumor 
than in the carcass was not caused by loss of 
appetite during tumor growth; the rat plus 
tumor had a greater concentration of lipid 
phosphorus than normal rats that received the 
same diet ad lib., or the same amount and kind 
of diet by pair-feeding or by gavage, as the 
respective tumor-bearing rats. The high con- 
centration of lipid phosphorus (phospholipids) 
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TABLE II. Concentration of Alkali-Resistant Phospholipid in Walker Carcinoma 256 and in 
Control and Host Rats. 


Phospholipid, g per 100: g———————___, 
% fat-free 


No. J ary tis- dry tissue 
Group rats sue (avg) Stand. dey. (avg) Stand. dev. 
IV Adult rats 
a—Controls; non-tumor rats 9 .097 .043 .156 .022 
killed when tumors start- 
ed to grow in rats of c— 
b—Controls; non-tumor rats 6 097 025 166 .053 
killed with tumor rats of 
uss 
e— Tumor rats 8 
Carcass .120 s035 178 .054 
Tumor ASUS, .052 .448 .065 


in the tumor is probably concerned with the 
enhanced metabolism of fat which may ac- 
count for the caloric deficit of the animal, and 
which is undoubtedly related to the lipemia 
that accompanies growth of this tumor. Evi- 
dence for this assumption is not entirely 
lacking. 

The greater concentration of lipid phos- 
phorus in the tumors of rats force-fed a high- 
fat diet (Group IVc) may have resulted from 
the necessity for metabolizing excessive 
amounts of fat. The dietary procedure pro- 
duced a marked lipemia in the 8 tumor-bearing 
rats; 7 of them had values for total lipid in the 
blood plasma ranging from 552 to 1372 mg %, 
while one had a value of 5350 mg %. The 
15 non-tumor rats of this group averaged 423 
mg % with a standard deviation of 59. In 
addition to the excessive lipemia caused by the 
forced feeding, the concentration of total lipid 
in the tumors increased by about 30% as 
compared with the concentration in the tumors 
of Group III. This increase in total lipid is 
fully accounted for by increased phospholipid 
as estimated from the increase in concentra- 
tion of lipid phosphorus. 

When expressed as percentage of the fat- 
free dry tissue, the increased concentration of 
lipid phosphorus in rat plus tumor was ap- 
parent in adult rats but not in young rats even 
in those of Group II where tumors comprised 
over 20% of the total body weight. Tumor 
tissue is a young tissue with a high lipid phos- 
phorus concentration similar in magnitude to 
that of young rats. In the tumor the high 
value for lipid phosphorus was maintained 


even when the tumor was grown on adult rats 
of lower lipid phosphorus concentration. The 
greater growth potential of this tumor in 
young than in adult rats might conceivably be 
correlated with the respective lipid phosphorus 
concentrations of the rats. 

The concentrations of most of the com- 
ponent phospholipids which account for the 
greater concentration of lipid phosphorus in 
the tumor remain to be determined. How- 
ever, we have shown that the tumor is rich in 
a phospholipid which is stable to alkali. Simi- 
lar (unpublished) data for the concentration 
of this material were obtained in tumor rats 
that ate ad lib. 2 diets(3) of lower fat content. 
From the stability toward alkali, the nitrogen 
and phosphorus contents, the solubility in 
various organic solvents, the occurrence, and 
the general behavior of the substance, we as- 
sume tentatively that it is a crude acetal phos- 
pholipid. 

The maintenance by the rat growing Walker 
carcinoma 256 of a lipid phosphorus concen- 
tration, or of the concentration of a particular 
phospholipid in his tumor, far in excess of that 
in his carcass, may contribute in large measure 
to the stress which causes many of the adverse 
effects of the tumor on the host rat. 

Summary. In rats growing Walker car- 
cinoma 256, 1) the concentration of lipid 
phosphorus was greater in the tumor than in 
the carcass; 2) the concentration of lipid 
phosphorus was greater in the rat plus tumor 
than in pair-fed or force-fed rats without 
tumor that consumed the same amount and 
kind of diet as the tumor rats; 3) the concen- 
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trations of lipid phosphorus in young rats and 
in the tumor were similar, and greater than in 
adult rats; 4) the concentration of an alkali- 
resistant phospholipid was greater in the tu- 
mor than in the carcass. 
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Multiple Effects of Fluoroacetate on Pyruvate Metabolism in vitro. (19737) 


Harris BuscH* AND VAN R. POTTER. 


From the McArdle Memorial Laboratory, Medical School, University of Wisconsin, Madison 6, 
Wisconsin. 


The injection of fluoroacetate into rats has 
been shown to result in the accumulation of 
large amounts of citrate in certain organs 
(1-5). No accumulation of citrate was found 
(3) in livers of fluoroacetate-treated rats; 
these rats were of the same sex and strain as 
those whose livers had previously been shown 
to produce large amounts of citrate in vitro 
(6).t A possible explanation for this discrep- 
ancy was furnished by studies(7,8) showing 
that an interruption in the Krebs cycle in the 
ease of liver results in the diversion of Co 
_ fragments away from the Krebs cycle and into 
acetoacetate formation, and it might have 
been assumed that the results could be ex- 
plained solely on this basis. However, when 
in vitro studies were carried out to test this 
simple hypothesis, new results were obtained, 
some of which appear to be unexplainable in 
terms of the inhibition of citrate removal 
alone. 


* Public Health Service Postdoctoral Research Fel- 
low of the National Cancer Institute. 

+The rats used by Potter and Busch(3) were 
normal males. Subsequent work in this laboratory 
and in thatsef Dr. K. P. DuBois makes it clear that 
hormonal and cther physiological factors can alter the 
capacity of the liver to accumulate citrate follow- 
ing the injection of fluoroacetate. Fed female rats 
accumulated citrate in their livers following the 
injection of fluoroacetate, and male rats could be 
shown to do likewise under special conditions. 


Experimental. Chemicals. Sodium mono- 
fluoroacetate was supplied by Dr. K. P. Du- 
Bois of the University of Chicago Toxicity 
Laboratory; adenosine triphosphate (ATP) 
was prepared by Dr. G. A. LePage and asso- 
ciates. 


Homogenates. Male rats (weighing 200- 
300 g) obtained from the Holtzmann-Rolfs- 
meyer Rat Co. were used in this study. After 
the rats were decapitated, the kidneys were 
quickly removed and placed in ice-cold iso- 
tonic KCl solution; after weighing, they were 
placed in glass homogenizers(9) containing 9 
volumes of ice-cold isotonic KCl solution and 
homogenized in the cold; the same procedure 
was followed with liver homogenates, but the 
homogenizers contained 544 volumes of KCl 
solution to give a concentration of 16% liver 
by weight. 


Flask contents. a) Reaction mixtures. Each 
Warburg flask contained 1.0 ml of a basal 
medium composed of 0.01 m MgCls, 0.2 Mm 
KCl, and 0.01 m K phosphate buffer ad- 
justed to pH 7.2(6) as well as 30 »M potas- 
sium pyruvate, 3 »M potassium ATP and 
sufficient 0.2 mM or 0.02 mM sodium mono- 
fluoroacetate+ to produce the desired con- 
centration. All substrates were added as 
potassium salts neutralized to pH 7.2-7.4. In 
all experiments other than those involving 
phosphate studies, an additional 0.1 ml of 0.1 
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mM K phosphate was added. Center wells con- 
tained 0.2 ml of 2.5 m NaOH and a wick of 
filter paper. Cold homogenates were added to 
the cold reaction mixtures and the vessels were 
equilibrated 10 minutes before manometric 
readings were begun. The gas phase was air 
and the temperature was 38°C. b) Homo- 
genate systems. Three homogenate systems 
were employed for the purpose of studying the 
effects of fluoroacetate on pyruvate oxidation. 
In addition to the basal medium, pyruvate and 
ATP noted above, the liver-malonate system 
contained 80 mg of liver tissue and 12 »M of 
potassium malonate; the liver-fumarate sys- 
tem contained 80 mg of liver tissue and 40 
»M of potassium fumarate, while the kidney- 
fumarate system contained 40 mg of kidney 
tissue and 40 uM of potassium fumarate. 
Each of these reaction systems responds dif- 
ferently to fluoroacetate as will be shown be- 
low. The concentration of fumarate was 
selected following the demonstration that in- 
creasing the concentration of fumarate in- 
creased formation of citrate and decreased 
formation of acetoacetate by liver homo- 
genates; at 40 »M of fumarate, both of 
these effects had reached plateau levels(8). 
Oxygen uptake in 60 minutes was proportional 
to tissue at concentrations up to 90 mg wet 
weight of liver per Warburg flask and up to 
40 mg of kidney per flask; in general, kidney 
homogenates were much more labile than liver 
homogenates. 


Determinations. Reactions were stopped 
by the addition of 0.3 ml of 50% perchloric 
acid to the main chamber. The protein-free 
supernatant fluid obtained on centrifugation of 
the contents of the flask was used for the 
analyses. Citrate(10), acetoacetate,§ a-keto- 
glutarate and pyruvate(11), and inorganic 
phosphate(12) were determined by standard 
methods. — 


Results. Comparative studies on kidney 


{ Trifluoroacetate inhibited neither the kidney- 
fumarate nor the liver-malonate system. Recrystal- 
lized difluoroacetate did not inhibit the liver-malonate 
system and the slight inhibition of the kidney- 
fumarate system at high concentrations may have 
been due to monofluoroacetate contaminating the 
product. 

§Lehninger, A. L., Personal communication, see (8). 
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FIG. 1-4. Effects of fluoroacetate concentration 


on oxygen uptake, pyruvate utilization, citrate 

formation and acetoacetate formation by the liver- 

fumarate system (Liver F), liver-malonate system 

(Liver M) and kidney-fumarate system (Kidney 

F) described in the text. Time of incubation: 
60 min. 


and liver homogenates. ‘The data obtained 
with each of the 3 homogenate systems are 
presented in Fig. 1-4, and are plotted together 
for purposes of comparison. The following 
sections consider each of these systems sepa- 
rately. 


Effect of fluoroacetate on the kidney- 
fumarate system. The sole pathway of pyru- 
vate oxidation in this system is the citric acid 
cycle(13). At low concentrations of fluoro- 
acetate a maximal accumulation of citrate was 
found (Fig. 3). However, as the concentra- 
tion of fluoroacetate was increased, the block 
of oxidation was established earlier and/or 
more completely (Fig. 1) and this progressive 
depression of oxidation was paralleled by de- 
pression of citrate formation. While initial 
oxidation was depressed less in this system 
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than oxidation at later time intervals, increas- 


ing concentration of fluoroacetate also de- | 


pressed the initial oxidation. |l 

The block of citrate oxidation is probably 
limited to a tricarboxylic acid step and at low 
levels of fluoroacetate it appears that the other 
reactions are not blocked, since a micromole of 
citrate is formed for each micromole of fu- 
marate added to kidney homogenates inhibited 
in vitro (Fig. 5).1 

Effect of fluoroacetate on the liver-malonate 
system. The liver-malonate system also has 
one pathway for pyruvate oxidation, but in 
this case oxidative decarboxylation of pyru- 
vate is followed by the condensation of the 
“Cy” fragments to acetoacetate. In this 
system, the depression of oxygen uptake (Fig. 
1) was associated with a simultaneous diminu- 
tion of pyruvate utilization (Fig. 2) and aceto- 
acetate formation (Fig. 4) but these effects 
were not noted until igher concentrations of 
fluoroacetate were present as compared to the 
kidney-fumarate system. Moreover, the oxi- 
dation was increasingly depressed as the incu- 
bation progressed. The rate of oxidation of 
the blocked system here, however, was the 
same as that of the control until a time (30 


|| Maintenance of bound phosphate was observed 
in the liver-fumarate system; bound phosphate of 
the kidney-fumarate system diminished as oxygen 
uptake decreased, in control flasks as well as in flasks 
containing fluoroacetate. Bound phosphate de- 
creased rapidly even in control flasks of the liver- 
malonate system although oxidation proceeded at a 
linear rate, and at the end of 60 minutes of incuba- 
tion, almost all the high energy phosphate had been 
released from ATP. 

[In these experiments, oxygen uptake studies in- 
dicated that extra pyruvate disappearing was largely 
oxidized to completion and hence, fumarate must 
have cycled but was eventually trapped as citrate; 
for example, in a 60 minute incubation period, with 
4 uM of fumarate and 30 uM of pyruvate as sub- 
strates, 6.7 ~M of pyruvate disappeared, of which 
3.8 4M entered into citrate formation; total oxygen 
uptake was 8.5 4M in the measured 50 minute period 
after the 10 minute equilibration period. The con- 
sumption of considerably more oxygen than the 1.9 
uM necessary for conversion of pyruvate to citrate 
indicated that some fumarate proceeded around 
the cycle more than once but was eventually stop- 
ped only at the citrate level, suggesting that the 
other parts of the cycle were unaffected. 
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FIG. 5. Conversion of fumarate to citrate by kid- 

ney homogenates poisoned in vitro with fluoroace- 

tate compared to controls. Additions as in kidney- 

fumarate system described in the text except for 

quantity of fumarate added. Flasks with fluoro- 
acetate contained 6 uM. 


minutes of incubation) when its activity sud- 
denly decreased; oxidation by the control con- 
tinued at a linear rate for at least 60 minutes. 
This delayed response accounts for the failure 
of high levels of fluoroacetate to produce more 
than a limited response in the measurements 
undertaken, and suggests that the action of 
the inhibitor must have been indirect just as in 
the kidney-fumarate system. It is unlikely, 
however, that the eventual decline in rate can 
be attributed to the formation of fluorocitrate 
since in this system essentially no oxidation 
takes place via the citric acid cycle, 7.e., no 
more than 0.25 »M of citrate were found in 
any of these flasks, and moreover there is no 
basis for explaining the results in terms of a 
block in the citric acid cycle, which was al- 
ready blocked by malonate in this system. 
The time studies revealed that the inhibition 
of the liver-malonate system was not competi- 
tive; moreover, the inhibition was not pre- 
vented by addition of as much as 0.03 M 

Effect of fluoroacetate on the liver-fumarate 
system. The liver-fumarate system can oxi- 
dize pyruvate by both of the above mentioned 
pathways; these 2 pathways are in fact com- 
petitive, with citrate formation preferential 
when fumarate is available(8). Any differ- 
ential effect of fluoroacetate would thus be re- 
vealed in this reaction as a shift away from 
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the normal ratio of citrate to acetoacetate. 
When the fluoroacetate concentration was in- 
creased, there was a diminution in citrate for- 
mation (Fig. 3) paralleled by a compensatory 
rise in acetoacetate formation such that pyru- 
vate utilization actually increased (Fig. 2), 
while oxygen uptake continued unaffected 
(Fig. 1). 

Discussion. The results indicate that fluoro- 
acetate or its derivatives may inhibit 2 en- 
zymatic steps in addition to aconitase, which 
has been studied in considerable detail by 
Peters and associates(15). The liver homo- 
genate illustrates one of these inhibitions by 
decreasing the metabolism of pyruvate via the 
citric acid cycle and shifting to the alternative 
pathway of acetoacetate production. It seems 
likely that this result is due to a direct inhibi- 
tion of an ‘“‘acetokinase’’(16) rather than to a 
shift resulting from the unavailability of C4 
acids, a mechanism studied by Lehninger(7), 
and by Recknagel and Potter(8), inasmuch as 
a considerable backlog of fumarate was pres- 
ent when fluoroacetate was studied. Differ- 
ences in the K,; and Ky for these acetokinases 
and fluoroacetate or inhibitors formed from it 
must result in the metabolic shifts noted, and 
it appears that the acetokinase leading into 
the citric acid cycle is affected to a greater 
extent than the other acetokinases in liver. 
The decreased utilization of Cy fragments for 
citric acid formation is reflected in an in- 
creased availability for acetoacetate formation 
in vitro and by the increased acetylation of 
foreign amines in intact rabbits treated with 
fluoroacetate(17). That the formation of 
acetoacetate can also be inhibited is shown by 
the data obtained with higher levels of fluoro- 
acetate. The finding of Hagan et al.(18) of 
significantly less fluoroacetate in livers of 
poisoned rats than in other organs tested may 
result from utilization of ‘“fluoroacetoacetate” 
formation as a means of detoxification of 
fluoroacetate by the liver. | 

The im vitro studies reported here suggest 
that the pharmacological effects of fluoroace- 
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tate may involve the production of more than 
one type of ‘biochemical lesion,’ while spe- 
cies differences may well reflect differing ra- 
tios of the several enzymes involved. 


Summary. 1. Citrate formation is increased 
and oxidation is diminished by addition of 
fluoroacetate to kidney homogenates; under 
the same conditions, citrate formation is de- 
creased and acetoacetate formation is in- 
creased while oxidation is unchanged in liver 
homogenates. 2. At higher concentrations of 
fluoroacetate, acetoacetate formation is also 
inhibited in liver homogenates. 
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Comparative Amoebacidal Activity of Some Compounds ‘Related to 


Emetine. 


WILLIAM BALAMUTH AND ANDREW LAssto.} 


From the Department 


of Biological Sciences, 


(19738) 


(Introduced by Olin Rulon.) 


Northwestern University, Evanston, and the 


Department of Chemistry, College of Pharmacy, University of Illinois, Chicago. 


Although emetine, in its various pharmaceu- 
tical preparations, was early used in the treat- 
ment of amoebiasis(1), has retained its posi- 
tion among the most modern drugs in the 
therapy of this disease. Although its useful- 
ness as an amoebacidal agent is seriously lim- 
ited by its cumulative properties, cardiotoxic 
effects, and narrow margin of safety(2), many 
workers believe that somewhere in the struc- 
ture of emetine(3-5) lies the answer to a use- 
ful amoebacidal drug. 

Several attempts have been made to obtain 
compounds structurally related to the formula 
of emetine, eliminating the undesirable side- 
effects while retaining or enhancing the amoe- 
bacidal action of the alkaloid. Pioneer re- 
search was done by Pyman and his coworkers 
(6). Goodson and his associates(7-9), and 
Sugasawa’s group(10) have helped clarify the 
pharmacophore of amoebacidal agents; re- 
cent contributions were made by Osbond(11). 
A detailed treatment of this topic is available 
elsewhere(12). 

The present report originates from an in- 
vestigation of a synthesis of , amoebacidal 
agents structurally related to emetine, directed 
by Dr. George L. Webster. During the chem- 
ical study a series of phenylalkylamides of 
phenylalkylaminoisovaleric acids was pre- 
pared(13). A different approach to the prob- 
lem is represented by quaternary emetine de- 
rivatives, whose chemistry and pharmacology 
have been reported(14). 

The object of the present report was to de- 
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TABLE I. Structural Formulae of Emetine and 
Related Compounds. 
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* Structure as established by Pailer and Pors- 
chinski(3), Battersby and Openshaw(4), and 
Evystigneeva, et al.(5). 
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AMOEBACIDAL ACTIVITY COMPOUNDS RELATED TO EMETINE — 


TABLE II. Relative Ranking of Selected Compounds Related to Emetine, in Terms of 
Amoebacidal and Bactericidal Activity, and General Toxicity. 


Amoebacidal Bacterial Approx. LDso 
endpoint growth pH at end (mg/kg) 
Chemical agent (ug/ml) (xX 10°/ml) of test in mice, iv. 

V-3 200 485 7.8 60-70 
V-1 500 120 L8—~ 120-125 
V4 2000 130 thy 160-180 
v-2 4000 90 7.2 160-200 
E-2 500 130 7.7 16s 
E-1 5000 100 7.8 9* 
Emetine-2HCl 1 540 7.8 16 
Control 400 7.5 


* Lasslo and Kimura(14). 


termine the relative activity in vitro of these 
compounds, and to draw any pertinent conclu- 
sions relating chemical constitution to amoe- 
bacidal activity. 

Materials and methods. The compounds in 
question were tested for amoebacidal activity 
in vitro, in comparison to emetine hydro- 
chloride (Table I); the isovaleric acid deriva- 
tives are drawn so as to emphasize their con- 
stitutional relationship to emetine. A known 
antibacterial agent, aureomycin hydrochloride, 
was added to the series for comparison with 
any antibacterial compounds, in the event of 
uncertainty about direct versus indirect amoe- 
bacidal action of such agents. 

Aqueous stock solutions were prepared of all 
compounds, or were weighed directly into cul- 
ture tubes in those cases requiring high con- 
centrations. The test medium was liver-egg 
yolk infusion (pH 7.4) plus rice starch(15). 
Tests were conducted with the UC strain of 
Entamoeba histolytica growing with 2 strains 
of Escherichia coli. The definitive experi- 
ments involved 5 ml volumes in 16 x 150 mm 
Pyrex tubes: 4.25 ml sterile medium ++ 0.5 ml 
drug in distilled water + 0.25 ml inoculum 
of pooled amoebae and bacteria. Amoebic 
inocula exceeded 100,000 per tube. Experi- 
mental runs extended 48 hours, record being 
made of amoebacidal endpoints along with 
bacterial populations, pH, and _ oxidation- 
reduction (O-R) potentials at those critical 
concentrations. In all, 9 series of experiments 
were conducted in determining specific end- 
points, 

To determine the advisability of possible 
further experiments im vivo, the comparative 
acute toxicity of these compounds was deter- 


mined in cooperation with Miss Elizabeth H. 
Jenney of the Department of Pharmacology, 
University of Illinois. The relative acute tox- 
icity was determined on the Harlan strain of 
Swiss mice, by intravenous injection into the 
tail vein of the animals (avg wt. 20-25 g), of 
0.1-0.2 ml of solution during a period of 20-25 
seconds. Owing to the limited quantities 
available of each compound, the small number 
of animals used (15 to 20 per compound) 
permitted only approximate estimation of 
LDso values. 

Results. The activities of the several com- 
pounds are summarized in Table II. It is 
clear that emetine ranks alone in its amoe- 
bacidal activity, in agreement with most im 
vitro findings(16,17). The relative standings 
within the 2 groups of compounds are im- 
portant. V-3 and E-2 were distinctly most 
active in their respective groups. It may be 
noted that vioform, an accepted therapeutic 
agent, yielded endpoints of 100-200 pg per 
ml under similar testing conditions(18). Un- 
der the aerobic conditions of incubation used 
in fixing endpoints, the pH values remained at 
low alkaline levels throughout the experiments. 
Some antibacterial effect was exhibited above 
levels of 200 pg per ml, but our experience 
over a period of several years had indicated 
that minimal bacterial populations of the order 
of 10-108 per ml were suitable for amoebic 
growth. 

The case of aureomycin, on the other hand, 
discloses the difficulty of interpretation raised 
by strongly antibacterial agents. At the ap- 
parent amoebacidal endpoint of 17 pg per ml 
under aerobic conditions, and with pH values 
similar to those found with other agents, bac- 
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FIG. 1. Oxidation-reduction potentials (H,) in cultures of Hntamoeba histolytica containing 
amoebacidal concentrations of the following agents (experiments conducted in liver-egg yolk 


infusion under aerobic incubation unless otherwise specified) : 


Cont.—control; Emet.—emetine 


1 ug/ml; Aur.—aureomyein 100 ug/ml; Aur. seal—same, with petrolatum seal; E-2—500 yug/ 
ml; V-1—500 ywg/ml; V-3—500 »vg/ml. 


terial populations reached less than one-hun- 
dredth of the average of other agents tested. 
Under these circumstances it becomes impos- 
sible to separate direct from indirect action of 
such an agent against the amoebae, since the 
amoebae require the presence of metabolizing 
bacteria in cultures of this kind. A further 
complication arises from the difference in sus- 
ceptibility of different floras to antibacterial 
agents. For example, we have shown (sum- 
marized in 17) that the VRS strain of E£. 
histolytica, in the presence of different floras 
from the one used here, survived in concen- 
trations of aureomycin as great as 200 yg per 
ml. 

It is well known that O-R potentials, as ex- 
pressed by E,, provide a good measure of the 
reducing activity of microbial cultures(19), 
and that low potentials (7.e., negative values 
of the order of —100 to —300 mv) form one 
requirement for good growth of amoebic cul- 
tures(20,21). Time-potential curves were 
traced for amoebacidal concentrations of 
emetine and the 3 most active compounds of 
the series (Fig. 1). These data are in agree- 
ment with those for bacterial survival, since 


they indicate that at amoebacidal endpoints 
the O-R potentials reach levels compatible 
with good amoebic growth. 

The present experiments afforded an oppor- 
tunity to note the comparative effects of 
aerobic and anaerobic incubation upon amoe- 
bacidal endpoints. Bradin and Hansen(21) 
have reported that melted-petrolatum seals 
greatly increase the “apparent amoebacidal 
endpoint”’!! of cultures containing antibacterial 
agents. Thus, in their experiments the amoe- 
bacidal endpoints for aureomycin in cotton- 
stoppered and petrolatum-sealed cultures re- 
spectively were 2 pg per ml and 50 pg per 
ml. This protective influence was attributed 
to preventing entrance of oxygen into a test 
medium of already lessened reducing activity, 
and O-R potentials were distinctly more nega- 
tive under anaerobic incubation. On the other 
hand, as might be expected with a non-anti- 
bacterial agent, in their experiments emetine 
displayed a constant endpoint (10 wg per ml) 


|| Amoebacidal endpoint is that concentration of 
agent at which no viable amoebae can be recovered, 
either by direct examination or upon subculture into 
sterile culture medium. 
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with both kinds of incubation. 


The bearing of this factor on the present 
results was investigated. In all cases anaero- 
bic incubation caused a shift in amoebacidal 
endpoint to higher concentrations by a 2- to 
5-fold factor. Whereas Bradin and Hansen 
had reported this effect only with antibacterial 
agents, we observed the same effect with com- 
pounds which were essentially not antibac- 
terial (Table II); this also held true for 
emetine. A possible explanation of this dis- 
crepancy will be offered below. Time-poten- 
tial curves of anaerobic cultures resembled 
those of Bradin and Hansen, in disclosing 
somewhat more negative potentials for eme- 
tine-like compounds than of parallel aerobic 
cultures. This effect was most striking with 
aureomycin (Fig. 1), where extreme bacterial 
inhibition exaggerated differences in reducing 
activity. The endpoint for aureomycin under 
anaerobic conditions was 100 yg per ml (2.e., 
about 6 times greater than under the aerobic 
conditions reported above), despite a surviving 
flora of only 0.17 x 10° per ml (compared to 
0.7 x 10° per ml at the same concentration un- 
der aerobic conditions) and relatively constant 
pH values between 7.05 and 7.30 in all aureo- 
mycin-treated cultures. It seems clear that 
aureomycin inhibited bacterial metabolism so 
drastically that bacterial populations were in- 
adequate to maintain the amoebae. 


The bacterial flora used in the present ex- 
periments were distinctly aerobic;$ thus, 
petrolatum-sealed control tubes contained only 
about one-fourth as many bacteria as aerobic 
controls; this was the case with all agents 
tested. This created the paradoxical situation 
of the same condition apparently both inhib- 
iting the bacterial flora and protecting the 
amoebae. However, one important variable 
not studied critically by Bradin and Hansen 
could be shown to operate. In all petrolatum- 
sealed cultures—excepting the aureomycin 
series—the pH was lowered by one unit or 
more, presumably owing at least partly to re- 
tention of gaseous metabolites. This effect of 


§ On the other hand, the flora used by Bradin 
and Hansen consisted of a single Clostridium-like an- 
aerobe (organism ¢) with relatively fastidious nu- 
tritional requirements. 
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pH on reducing the amoebacidal activity of 
emetine was discovered by Dobell and his col- 
leagues(16), but frequently has been ne- 
glected since then. Our data demonstrate 
that both experimental series of compounds 
behave like emetine. The indifferent effect 
of anaerobic incubation in the emetine tests of 
Bradin and Hansen, may have been due to the 
relatively low pH existing in both kinds of 
incubation with their test medium and flora, 
and this in turn would explain the relatively 
high amoebacidal endpoint reported by them. 


Summary and conclusions. 1. Members of 
2 different series of compounds were tested 
against cultures of E. histolytica grown with 
E. coli. 2. E-2 proved the more effective of 
the 2 quaternary emetine derivatives, exhibit- 
ing an amoebacidal endpoint of 500 pg per 
ml; this was 10 times as effective as E-1. 
3. Of the series of phenylalkylamides of phen- 
ylalkylaminoisovaleric acids, V-3 and V-1 
proved approximately 10 times more effective 
than the corresponding methoxy-substituted 
moieties. V-3 was the most amoebacidal of 
all the above compounds, with an amoebacidal 
endpoint of 200 yg per ml, while the endpoint 
for V-1 was 500 pg per ml. 4. The amoe- 
bacidal activity of the compounds was shown 
to be independent of effects upon the asso- 
ciated bacterial flora, as measured both by 
surviving bacterial populations and oxidation- 
reduction potentials of the cultures. This ac- 
tivity was definitely influenced, however, by 
the pH during tests, more alkaline conditions 
being correlated with greater effectiveness. 
5. Parallel tests with aureomycin, included to 
reveal effects of a distinctly antibacterial 
agent, supported the conclusion that, unlike 
aureomycin, the present series of compounds 
had acted directly against the amoebae. 

Some concluding observations on structure- 
activity relationship. Quaternization of both 
nitrogens in the emetine molecule (#-1) 


gf At present it is not possible to separate the 
biological and chemical phases of this effect of pH. 
The influence of pH on emetine itself in media is 
not entirely clear. On a physico-chemical level the 
hypothesis might be advanced that the solvation, 
and therefore the relative effectiveness, of emetine 
varies directly with the hydrogen-ion concentration 
of its medium, 
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yielded weak amoebacidal action. E-2, with 


only one quaternized nitrogen, proved a con- | 


siderably stronger amoebacidal agent. It 
might be concluded that quaternization of the 
nitrogen atoms in the emetine molecule de- 
creases amoebacidal activity, the number of 
quaternized nitrogen atoms being inversely 
proportional to amoebacidal action. Correla- 
tion of the pharmacologic studies on the 
quaternary emetine derivatives(14) with the 
amoebacidal tests indicates that, although 
quaternization of both nitrogens’ produced a 
compound lacking the cumulative and cardio- 
toxic effects of the original alkaloid, this de- 
rivative exhibited a strong curare-like action 
but only weak amoebacidal properties. Under 
these circumstances, a promising lead might be 
offered by a partially quaternized emetine de- 
rivative, which could reach a therapeutically 
active level in the host’s tissues without caus- 
ing a curare-like paralysis of the neuromyal 
junctions of the striated musculature. 

In the other series of compounds, our data 
indicate that 3,4-dimethoxy substitution of 
phenyl radicals decreased substantially the 
amoebacidal action (V-2, V-4). Furthermore, 
the phenylalkylamides of the monophenylal- 
kylaminoisovaleric acids (V-1, V-2) were less 
amoebacidal than the corresponding phenylal- 
kylamides of the bis-substituted ones (V-3, 
Y-4). It should be noted, however, that the 
influence of the epoxy group and the corres- 
ponding hydroxy function is not’ known and 
cannot be determined from this series of com- 
pounds alone. 
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Suppression of Viral Pneumonia in Mice by a Microbial Product (APM)*. 
(19739) 


Vincent Groupé, Leonora H. Pucu, AND Atvin S. Levine.t 


From the Department of Microbiology, New Jersey Agricultural Experiment Station, 
New Brunswick, N. J. 


For several years a systematic search for 
antiviral agents has been conducted in this 
laboratory. Two antibiotics were found which 
possessed antiviral properties, namely, Ehr- 
lichin(1) and viscosin(2). Neither of these 
preparations appeared to be of sufficient in- 
terest to warrant further study and the search 
was resumed. Filtrates from cultures of 
various microorganisms recently isolated from 
soil were tested for antiviral activity against 
influenza A virus in both embryonated eggs 
and mice. Of the cultures tested, one, a cul- 
ture of Achromobacter sp. 134,+ produced a 
material endowed with a unique combination 
of biological characteristics. This material 
was found to suppress the development of pul- 
monary lesions in mice which resulted from in- 
fection with influenza A virus and to reduce 
the non-transmissible pneumonia induced by 
the intranasal instillation of large numbers of 
infectious particles of Newcastle disease 
virus. Further, attempts to demonstrate 
virucidal activity against these viruses were 
unsuccessful and antiviral activity in embry- 
onated eggs was, at best, barely detectible by 
the usual methods. 

Materials and methods. Pertinent informa- 
tion on the various viruses used in these stud- 
ies and on the procedures followed in the use 
of embryonated eggs have been described 
(1,2). Hemagglutination tests were per- 


* Paper of the Journal Series, N. J. Agricultural 
Experiment Station, Rutgers University, The State 
University of New Jersey, Department of Micro- 
biology. These investigations were supported by a 
grant-in-aid from the Rutgers Research and En- 
dowment Foundation. 

tIt is a pleasure to thank Dr. Selman A. Waks- 
man for his interest and encouragement and Dr. 
Ruth Gordon, Dr. Hubert Lechevalier, Mr. Ralph 
Gwatkin and Mr. Willard Taber for assistance in 
various phases of the work. 

} This culture has been deposited in the culture 
collection of the Department of Microbiology under 
the number 134. 


~formed in the usual manner(3). Albino mice 


(Webster strain) weighing 18 to 20 g were 
infected intranasally under light ether anes- 
thesia with 0.05 ml of appropriately diluted 
virus as indicated in the text. Parenteral in- 
jections of test materials were begun one hour 
or more after infection or as indicated. The 
lungs of each mouse were carefully examined 
and the degree of pulmonary consolidation was 
scored as described by Horsfall(4). The 
average weight of the lungs of the various 
groups of mice was frequently determined as 
an additional criterion. 

Description of Achromobacter sp. No. 134. 
The bacteria measured approximately 0.7 by 
2 to 10 » and occurred singly or in short 
chains. The rods were gram-negative, non- 
acid-fast, non-spore-forming, and were motile 
by means of peritrichous flagella. The organ- 
ism failed to grow anaerobically. On nutrient 
agar young colonies were circular, low convex, 
white, entire, adherent and measured 1.0 to 
1.5 mm in diameter. Older colonies gradually 
developed radial striations with a lobate edge. 
A pellicle was usually formed in liquid media. 
Litmus milk was alkaline and reduced. An 
acid reaction was produced in media contain- 
ing glucose, galactose and maltose and inor- 


ganic ((NH4)2SO,) but not organic nitrogen. 


Nitrites were formed from nitrates. Produc- 
tion of H2S was slight or absent. Indol was 
not formed. Starch and gelatin were hydro- 
lyzed. Citrate was utilized as the sole source 
of carbon. The optimum temperature was 
28°C to 36°C. The culture was isolated from 
soil. 

Preparation of APM. Five ml amounts of 
an actively growing culture of Achromobacter 
sp. No. 134 were inoculated into each of a 
series of Blake bottles containing 250 ml of 
medium composed of 0.25% glucose, 1.0% 
peptone, 0.5% beef extract, and 0.1% yeast 
extract in distilled water. After incubation 
for 48 hours in the horizontal position the 


SUPPRESSION OF VIRAL PNEUMONIA 


TABLE I. Suppressive Effect of APM on Pul- 
monary Lesions in Mice Infected with Influenza A 
Virus. 


mg APMinj. ,—Result—3rd day after infection*— 
SC on day: Lesion score Avg wt 
0 if 2 157 0y L/M % lungs, g 
0 0 0 21/22 48/105 46 
9 9 9 6/12 4/60 g 
3 3 3 12/12 8/60 13 
1 1 iL 6/10 5/50 10 
Shes enue ~10/12 10/60 17 
dees iesll de aL /l2 21/60 35 . 
0/6 + 18 
OG 0 15/15 53/75, ' 71 33 
3 3 3 5/12 7/60 12 Fh) 
0 3 3 12/12 20/60 33 .22 
0 0 3 12/12 28/60 47 24 
Ouieaxs 0 11/12 19/60 32 225 
3 3 0 10/12 20/60 33 23 
3 0 0 8/12 14/60 23 24 


* Approximately 10000 IDso. 

+ Uninfected controls. 

SC = subeutaneously. I/T—WNo. of mice in- 
fected/total. L/M — Total lesion seore/total max 
score. % —=L—=—M X 100. 

Lesion score: %—= <5% lung tissue consoli- 
dated; 15-25%; 2= 26-50%; 3= 51-75%; 4 
—76-100%; 5—dead mouse with lungs consoli- 
dated. 


culture was filtered through glass wool to re- 
move the pellicle. The culture filtrates were 
pooled and acidified with concentrated HCl to 
pH 3.2 to 3.5. A whitish precipitate was 
formed which slowly flocculated. This pre- 
cipitate was allowed to settle by gravity and 
the supernatant fluid was carefully removed 
by suction and discarded: The precipitate 
was then suspended in 10 to 20 volumes of 
distilled water and dissolved by the addition 
of 5 N NaOH to pH 8. The material was 
then reprecipitated 3 times in a similar man- 
ner. Before the final precipitation the solu- 
tion was clarified using the Sharples super- 
centrifuge. The final (4th) neutralization was 
performed in a small volume of water which 
was dried from the frozen state. The average 
yield was approximately 110 mg of APM per 
liter of culture. This preparation was pro- 
visionally designated APM (acid precipitable 
material). 

Experimental. Experiments with influenza 
A virus. Data from 2 typical experiments 
illustrating the suppressive effect of APM on 
the development of pneumonia in mice in- 
fected with influenza A virus are presented in 
Table I. Groups of 12 or more mice each were 
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infected intranasally with approximately 
10,000 IDs of influenza A virus and injec- 
tions of APM were begun one hour or more 
after infection as indicated. All mice were 
sacrificed on the 3rd day after infection and 
the degree of pulmonary consolidation and 
average weight of the lungs were recorded. 
The data indicate that (a) daily injections of 
APM were the most effective, (b) a delay of 
24 hours in the time of treatment or a reduc- 
tion in the number of injections of APM re- 
duced its effectiveness, (c) a suppressive ef- 
fect was still demonstrable when only one in- 
jection of APM was given 48 hours after in- 
fection, and (d) daily injection of as little as 
0.3 mg of APM exerted a detectible suppres- 
sive effect on the development of pulmonary 
lesions. It is of interest in this connection to 
recall that the infective titer of lung tissue has 
been shown to be maximal 24 hours after in- 
fection with low dilutions of influenza A 
virus(5). 

Comparative studies on the relative effec- 
tiveness of APM administered by various 
routes were carried out in similar experiments 
with influenza A virus. The data obtained 
indicated that intraperitoneal injection of 
APM was also effective but was toxic and that 
oral administration of 4 mg per day of APM 
was without effect. Intranasal instillation of 
APM-virus mixtures was also found to be in- 
effective in the following experiment. One ml 
amounts of serial decimal dilutions of influ- 
enza A virus were mixed in vitro with an equal 
volume of saline alone and saline containing 
3 mg of APM per ml, respectively, and incu- 
bated for one hour at room temperature before 
inoculation into groups of 5 mice each by the 
intranasal route. The mice were observed for 
a period of 10 days and dead mice and mice 
still living on the 10th day after inoculation 
were examined and the degree of typical pul- 
monary consolidation was recorded. The end 
points (1D59) of the 2 titrations were identical 
(10%?) clearly indicating that APM was not 
virucidal for influenza A virus. 

It was of interest to determine whether 
APM was more effective when mice were in- 
fected with a much smaller quantity of in- 
fluenza A virus. In the experiment summar- 
ized in Table II, groups of 20 mice each were 
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TABLE II. Effect of APM on Degree of Pul- 
monary Consolidation in Mice Infected with 
Sublethal Dose of Influenza A Virus: 


Result—10th day after infection* 
; Lesion score 


APM Lt L/M % 
Control 17/20 34/100 34 
lmgSC x 10 5/20 9/100 9 
3mg SC X 10 6/19 6/95 6 

*10 IDso. 


TABLE III. Effect of APM on Rate of Death of 
Mice Infected with 10000 IDs 9 of Influenza A 
Virus. 


Cumulative % mortality 


APM: on day: 
dose/day Util 2 eo 4 5 6 ih 
Control 19/20 0 15 45 80 85 95 
1lmg SC 20/20 0 OP 20 E50rr 0D 95 
sare 20/20 0 0 OM 25% FONE 95 


TABLE IV. Effect of Culture Filtrate and APM 
on Influenza A Virus in Eggs. 


Result———, 

Avg hemag- 

Type of test Test material I/T_ glutinin titer 

3 § Control 10/11 626* 

Contact 1 Culture filtrate 9/11 380 
Therapeutic Control 13/14 731 
ap Culture filtrate 11/16 270 
See § Control 14/15 955 
Protection ) Quiture filtrate 12/14 340 
{ Control TLE 1473 
Contact 1 2.5 mg APMt 4/4 840 
1.25 7/8 740 


* Reciprocal of avg hemagglutinin titer of allan- 
toic fluid collected 48 hr after infection with 10- 
100 IDs. 

+ Sterilized with ethylene oxide. 

Contact test = test material mixed in vitro with 
virus and incubated 1 hr at room temperature be- 
fore inoculation. 

Therapeutic test = test material inj. 1 hr after 
infection. 

Protection test = test material inj. 1 hr before 
infection. 


infected with a sublethal dose (10 ID;9) of 
virus and were injected daily subcutaneously 
with one and 3 mg of APM, respectively, be- 
ginning one hour after infection. Twenty 
similarly infected but untreated mice served 
as the control group. All mice were sacrificed 
on the 10th day after infection and the degree 
of pulmonary consolidation was noted. The 
data indicate that daily injections of APM 
definitely suppressed the development of pul- 
monary lesions in mice infected with a sub- 


lethal dose of influenza A virus. However, it 
would appear that the effectiveness of APM 
in suppressing the development of .pneumonia 
was not markedly increased when the size of 
the infecting dose of virus was greatly 
(1,000x) reduced (Table I). 

It was of obvious importance. to study the 
effect of APM on the rate of death of mice 
infected with a lethal dose of influenza A virus. 
The results of a typical experiment are sum- 
marized in Table III. This experiment was 
identical with the preceding one except that a 
lethal dose of virus (10,000 ID;9) was em- 
ployed. The data show that daily injections 
of 3 mg of APM delayed death of the mice by 
approximately 2 days and that when the daily 
dose of APM injected was decreased to 1 mg 
the delay in death was reduced. 

An attempt to demonstrate a reduction in 
the infective titer of pools of 8 lungs each col- 
lected 24 hours after infection was unsuccess- 
ful. The mice were injected subcutaneously 
with 5 mg of APM one hour before intranasal 
inoculation of 10 and 100 IDs o of influenza 
A virus, respectively. 

Considerable time and effort were spent in 
attempting to demonstrate antiviral activity 
against influenza A virus in embryonated eggs 
using both culture filtrate and APM. Sup- 
pressive effects, though regularly observed, 
were minimal. The various preparations were 
rendered suitable for injection into eggs by the 
addition of penicillin (500 units per ml) and 
neomycin (200 units per ml). Control inocula 
were similarly treated. The results of several 
typical experiments are summarized in Table 
IV. The data indicate that culture filtrate 
known to be effective in suppressing the de- 
velopment of pulmonary lesions in mice was, 
at best, capable of effecting a slight (approxi- 
mately 2-fold) reduction in the average 
hemagglutinin titer of allantoic fluid collected 
48 hours after infection with 10-100 IDs» of 
influenza A virus. However, this slight reduc- 
tion in the formation of viral hemagglutinin 
was obtained whether the culture filtrate was 
mixed 7m vitro with the virus or was injected 
one hour before or one hour after infection. 
It was hoped that APM would prove to be 
more effective than culture filtrate. However, 
this was not the case. A solution of APM 
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containing 5 mg per ml was sterilized with 
ethylene oxide(6), and was tested for antiviral 
activity by means of the contact test. As with 
culture filtrate a slight (approximately 2-fold) 
reduction in viral hemagglutinin was obtained. 
Attempts to demonstrate a reduction in the 
infective titer of allantoic fluid collected 24 
hours after inoculation were unsuccessful. The 
eggs received potent culture filtrate one hour 
after infection with 10 IDs of virus. It is 
clear that the embryonated egg was not a 
suitable host for the demonstration or detec- 
tion of antiviral activity of APM against 
influenza A virus when the usual methods were 
employed. 

APM and culture filtrate both failed to in- 
hibit hemagglutination in vitro by influenza A 
or B viruses. Infected allantoic fluids were 
titrated in the usual manner (3) in the presence 
of culture filtrate, APM (2 mg per ml), broth 
and saline, respectively. The hemagglutinin- 
test material mixtures were incubated for one 
hour at 36°C before the addition of chicken 
erythrocytes. Identical end points were ob- 
tained in each of the various titrations with 
influenza A and B viruses, respectively. 


Experiments with Newcastle disease virus 
(NDV). Ginsberg(7) has shown that the 
non-transmissible pneumonia in mice which 
follows intranasal inoculation of NDV paral- 
leled the reactions between virus and host cell 
save that formation of new infectious particles 
did not occur. Further, when the maximum 
of pneumonia was observed there remained 
less than 0.1% of the original NDV inoculum 
and “immature or incomplete virus’ (8-11) 
could not be demonstrated in lung tissues by 
complement fixation or hemagglutination. 
This unique host-virus relationship was found 
to be affected by APM in the experiments 
described below. 

A large number of mice were inoculated in- 
tranasally with 0.1 ml of undiluted allantoic 
fluid containing 10° infectious units of NDV. 
Beginning one hour after inoculation and daily 
thereafter*zgroups of 15 mice each were in- 
jected subcutaneously with various amounts 
of APM as indicated in Table V. Inoculated 
but otherwise untreated mice served as con- 
trols. All mice were sacrificed on the 3rd day 
after inoculation (at the time of maximum 
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TABLE V. Effect of APM on Development of 
Pneumonia Induced by Newcastle Disease Virus 
in Mice. 


-—Result—3rd day after inoc.*— 


Lesion score Avg wt 

APM I/t L/M %  langs, g 
0/4t 18 
Contrvul 30/30 100/150 67 27 
1 4mpsO x 3 12/15 20/75 27 21 
3 13/15 20/75 27 22 
nil 14/15 19/75 25 22 
03 10/15 18/75 24 .23 
01 12/15 34/75 45 25 

* 10° LD5o. 


+ Uninoculated controls. 


pneumonia(7)) and the degree of pulmonary 
consolidation and the average weight of the 
lungs were recorded. It is clear from the data 
that daily injection of as little as 0.03 mg of 
APM suppressed but did not prevent the de- 
velopment of pneumonia. 

No evidence of inactivation of NDV in vitro 
could be demonstrated when the virus was 
titrated in the presence of saline, culture fil- 
trate, or APM, respectively, before inoculation 
into embryonated eggs. 

Properties of APM. Preliminary qualita- 
tive data on the properties of APM were 
obtained in the following manner. Prepara- 
tions of APM were treated as described below 
and tested for potency in mice previously in- 
oculated intranasally with 10,000 IDso of in- 
fluenza A virus or 10° infectious units of NDV. 
One mg amounts of the various preparations 
were injected daily subcutaneously into groups 
of 12 mice each beginning one hour after in- 
stillation of virus. All mice were sacrificed on 
the 3rd day after infection and the degree of 
pulmonary consolidation and average weight 
of the lungs was determined (as exemplified 
in Tables I and V). The following results 
were obtained. The potency of aqueous solu- 
tions of APM was not completely destroyed 
by (a) exposure to a temperature of 120°C 
for 45 minutes at pH 9; (b) dialysis against 
running tap water for 24 hours; or (c) serial 
extraction of the same solution of APM with 
n-butanol, anesthetic ether, chloroform, petro- 
leum ether, ethyl acetate and benzene. Half 
saturation of an aqueous solution of APM with 
ammonium sulfate resulted in the immediate 
formation of a flocculent precipitate which was 
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found to be both acid precipitable and potent. 

No evidence of antibacterial or antifungal 
activity could be demonstrated when the 
streak-dilution method(12) was employed. A 
concentration of 5 mg of APM per ml of 
agar did not inhibit the growth of E5- 
cherichia coli, Micrococcus pyogenes var. 
aureus, Pseudomonas aeruginosa, Shigella son- 
nei, Bacillus cereus, B. subtilis, Mycobac- 
terium tuberculosis (strain 607), Streptomyces 
griseus, S. fradiae, Candida albicans, Asper- 
gillus niger or Penicillium notatum.S 


Discussion. The most interesting charac- 
teristic of APM is its capacity to suppress the 
development of non-transmissible pneumonia 
in mice induced by the intranasal instillation 
of large numbers of infectious particles of 
NDY. Ginsberg(7) has suggested that the 
pneumonia following inoculation of NDV may 
be the result of the injurious action of a large 
amount of virus. However, he points out that 
the possibility of multiplication of non-infec- 
tious virus was not definitely eliminated. 
APM might affect either or both of these fac- 
tors. On the other hand, it is equally plaus- 
ible to visualize the action of APM as pri- 
marily affecting the lesion itself. It is clear 
that the continued presence of large numbers 
of infectious particles of NDV in the lung is 
not essential for the development of pneu- 
monia(7). However, it is not known whether 
the development of the lesion is dependent on 
the continued presence of intracellular NDV 
in one form or another. 


Attention should be drawn to the studies of 
Horsfall and Ginsberg with pneumonia virus 
of mice(13) and influenza A virus(5) as well 
as with NDV(7) which indicated that pul- 
monary lesions are formed at a rate different 
from that of infective virus. ‘These investi- 
gators suggested that factors other than viral 
multiplication per se are involved in the pro- 
duction of lesions. The fact that APM sup- 
presses viral pneumonia in mice in the pres- 
ence or absence of the formation of new infec- 
tious virus is in agreement with this sugges- 
tion. 


§ These tests were performed through the kind- 
ness of Dr. Hubert Lechevalier. 
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Studies on the mode of action of APM, its 
antiviral spectrum, and its chemical and 
physical properties are in progress. 


Summary. A material (APM) produced by 
a culture of Achromobacter sp., was found to 
possess a unique combination of biological 
characteristics’ (a) APM was not inhibitory 


‘to representative species of bacteria or fungi 


in vitro. (b) Preparations capable of sup- 
pressing the development of pulmonary lesions 
in mice previously infected with influenza A 
virus were found to be devoid of virucidal 
activity in vitro and failed to affect the pro- 
duction of infectious virus in lung tissue or 
allantoic fluid. (c) The mouse was a far 
better host than the embryonated egg for the 
demonstration or detection of inhibitory ef- 
fects of APM on influenza A virus. (d) 
Hemagglutination in vitro by influenza A or B 
virus was not affected by the presence of 
APM. (e) The most interesting characteristic 
of APM was its capacity to suppress the de- 
velopment of non-transmissible pneumonia in 
mice induced by intranasal inoculation of 
Newcastle disease virus. 
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A swikebarise Gelatin Agglutination Test for Detecting Antisperm 
Agglutinins.* (19740) 


SIDNEY Kisrick,' Davin L. BELDING, AND BEULAH MERRILL. 


From the Department of Bacteriology, Boston University School of Medicine. 


As a preliminary step in the study of anti- 
bodies against spermatozoa in fertile and 
sterile women it was necessary to develop a 
highly sensitive technic capable of demonstrat- 
ing the presence of small amounts of anti- 
bodies. Among other serological tests the 
detection of anti-human sperm agglutinins 
offered a promising field, although previous 
investigators with mammalian spermatozoa 
had obtained only relatively low agglutination 
titers. Therefore, various methods of increas- 
ing the delicacy of the agglutination test by 
modifying the standard technics were tried. 

These studies led to the development of a 
new type of test, the gelatin agglutination 
technic, which is capable of detecting sperm 
agglutinins in titers about 100-fold higher than 
with the ordinary agglutination tests. The 
technic is described since this test may have 
possible application in the detection of ag- 
glutinins against other organisms than sperma- 
tozoa. The rationale of the test is based on 
the use of live motile spermatozoa as antigens 
and the employment of a viscous medium in 
the form of 2.5% gelatin. This medium pre- 
vents the actively motile spermatozoa, once 
agglutinated, from disentangling themselves 
from the weakly bound floccules in high anti- 
serum dilutions. It also retards sedimenta- 


tion, thus rendering unnecessary redispersal of 


the delicately flocculated sediment. 

Technic of test. Antigens. Donors with 
numerous motile spermatozoa and_ readily 
liquefying semen are used for the preparation 
of the antigen. Specimens of semen with large 
amounts of cellular debris are rejected to 
minimize nonspecific agglutination. A fresh 
ejaculum is allowed to stand until liquefaction 
is complete, usually in from 30 to 60 minutes. 
A sperm ¢9unt is done and the specimen is 
diluted to approximately 60 million sperma- 


* Under a grant from the National Committee on 
Maternal Health, Inc. 

+ Present address: Research Division, Infectious 
Diseases, Children’s Medical Center, Boston, Mass. 


tozoa per ml with physiological sodium 
chloride solution or Baker’s buffered glucose 
solution(1). The diluted semen is allowed to 
stand undisturbed for about an hour at room 
temperature to permit settling of clumped and 
immobile spermatozoa and cellular debris. 
The supernate, containing the actively motile 
Spermatozoa, is carefully removed, a repeat 
sperm count is made, and the suspension is 
adjusted to 40 million spermatozoa per ml. 
An equal volume of gauze-filtered 10% gelatin 
in physiological sodium chloride solution is 
then added, giving a sperm concentration of 
20 million per ml and a gelatin content of 5%. 
The gelatin solution and gelatin-sperm mixture 
are maintained at about 36-37°C to facilitate 
pipetting. 

Test. Serial dilutions of the sera to be 
tested are made with physiological sodium 
chloride solution, the range depending upon 
the expected titers. A total of 0.3 ml of each 
dilution is first placed in a 65 x 5 mm precipi- 
tation tube and an equal volume of the sper- 
matozoa-gelatin antigen is then added giving 
a final concentration of 10 million spermatozoa 
per ml in 2.5% gelatin. The use of these 
small precipitation tubes not only conserves 
reagents, but also provides a 30 mm column 
of fluid, which raises the sensitivity of the test 
by increasing the frequency of contact among 
the slowly sedimenting floccules. Comparison 
with the controls is also simplified, since the 
viscous gelatin medium tends to prevent 
settling of the unagglutinated spermatozoa. 
The contents of the tubes are well mixed and 
incubated at 36-37°C for 2 hours. This 
period is the most satisfactory from the stand- 
point of maximal agglutination and minimal 
sedimentation in the controls. The gelatin- 
prepared antigen plus diluent as well as known 
positive and negative sera comprise the con- 
trols. During incubation the antigen control 
tubes may be checked for the appearance of a 
granular precipitate, indicative of pseudoag- 
glutination. Such nonspecific agglutination 
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occurs infrequently, but, if noted, incubation 
is terminated and the results of the test are 
immediately recorded. 

Reading. At the end of the incubational 
period the tests are read. The tubes may then 
be placed, for subsequent observation, in the 
refrigerator, where rapid solidification pre- 
serves the agglutinates. The criteria for ag- 
glutination are the clarity of the dispersing 
phase and the size and character of the floc- 
cules. In true agglutination the dispersing 
phase is much clearer than in the controls. 
Finely dispersed granulations are occasionally 
encountered in negative serum controls but 
rarely in titers above 1:4, and are readily dis- 
tinguishable from true agglutination. Final 
results are recorded as +, +, and —, al- 
though positive reactions may be expressed in 
terms of 1- to 4-plus if desired. 

Discussion. Antigen. The agglutination of 
human spermatozoa by antibody, while involv- 
ing the same principles as the agglutination 
of bacteria, is modified by the number, the 
motility, and the anatomical characteristics of 
the spermatozoa. If too few spermatozoa are 
present in the antigen, the reduced frequency 
of collisons per unit volume results in the 
formation of small floccules. If too many are 
used, the amount of antibody available for 
each spermatozoon is reduced and an excessive 
turbidity is produced that may obscure small 
agglutinates in the higher serum dilutions. 
The optimal concentration is 20 million sper- 
matozoa per ml for the antigen, which gives a 
final concentration of 10 million per ml in the 
test. There is no advantage in the use of 
washed spermatozoa over diluted whole semen 
for antigens, since the seminal plasma does not 
interfere with the reading of the test, when 
the final dilution of semen is 1:10 or higher. 
Actively motile spermatozoa are essential for 
the test. The higher the motility the greater 
is the number of collisons per unit time, thus 
facilitating agglutination. Furthermore, ac- 
tive spermatozoa give controls of homogeneous 
turbidity, whereas inactive spermatozoa show 
a greater tendency toward sedimentation. In 
the absence of the gelatin menstruum the 
large size of the spermatozoa causes agglu- 
tinates to sediment rapidly although the 
weakly bound floccules of intertwining heads 
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and tails are easily disrupted by slight shaking 
and jarring, especially in the presence of small 
amounts of antibody where the sperm motility 
alone may be sufficient to overcome the ag- 
glutinative forces. 


Gelatin menstruum. The viscous gelatin 
medium, while allowing the spermatozoa to 
agglutinate, retards their separation from the 
weakly bound floccules in the high antiserum 
dilutions and protects the agglutinates from 
mechanical shaking and jarring. The viscous 
medium also retards sedimentation in both the 
test and controls so that a direct comparison 
of the antiserum dilutions and controls may be 
made at the conclusion of incubation without 
resuspending the sediment. A gelatin concen- 
tration of 5% in the antigen (2.5% in the 
final dilution in the test) gives the most satis- 
factory results and is nontoxic to spermatozoa. 
Higher concentrations are impractical, since 
they are difficult to manipulate, and lower 
concentrations do not give sufficient viscosity 
to produce maximal titers. For example, 
when the same antisperm serum was tested 
against antigen suspensions which were pre- 
pared from one ejaculum but contained vary- 
ing amounts of gelatin, the agglutinin titers 
were 1:8,000 for a 0.5% gelatin antigen, 
1:32,000 for a 2.5%, and 1:128,000 for a 5%. 


Application. The gelatin agglutination test, 
primarily designed for serological work with 
spermatozoal antibodies, has proved highly 
effective in detecting small amounts of anti- 
sperm agglutinins, since it gives titers about 
100-fold higher than obtained with the usual 
agglutinative technics. The titers of 7 anti- 
human-sperm rabbits’ sera with this technic 
ranged from 1:16,000 to 1:256,000 with a 
mean of about 1:60,000. The test appears to 
be highly specific since agglutination rarely 
occurs in dilutions above 1:4 with the normal 
sera of man, rabbits or guinea pigs, or with 
rabbits’ antisera against various types of un- 
related antigens. The gelatin test should 
prove of value in cases where the concentra- 
tion of sperm agglutinins is too small to be 
detected by the ordinary macroscopical or 
microscopical agglutination tests. It should 
also be useful in the study of iso-agglutinins, 
and in the differentiation and determination 
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of relationship between the spermatozoa of 
different species. 

The basic principle of the test, however, 
would seem to have a general application to 
any agglutinative technic involving large 
motile organisms, where the agglutinates 
formed are so fragile as to be readily dis- 
rupted by shaking or jarring. It may perhaps 
be of value in the study of trypanosomes and 
other large flagellated protozoa. Although 
gelatin has proved suitable for the enhance- 
ment of sperm agglutination by increasing the 
viscosity of the medium, different agents may 
be better suited for other motile organisms. 

Summary. 1, An improved macroscopical 
agglutination test for the detection of ag- 
glutinins against human spermatozoa is de- 
scribed. 2. The test employs an antigen of 
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actively motile spermatozoa, and a final con- 
centration of 2.5% gelatin to increase the 
viscosity of the medium. 3. The viscous gela- 
tin medium prevents dissolution of the weakly 
bound sperm agglutinates in the higher anti- 
serum dilutions, and retards sedimentation so 
as to render resuspension unnecessary. 4. The 
new method appears to be highly sensitive and 
specific. Agglutinative titers ranging from 
1:16,000 to 1:256,000 with a mean of about 
1:60,000 have been obtained with 7 anti-. 
human-sperm rabbits’ sera. These titers are 
over 100-fold higher than those obtained with 
the usual agglutinative technics. 5. The pos- 
sible applications of the test are suggested. 


deeBakers yess, J. Hyg, 1932, v32,, 171. 
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Relation between Adrenal and Pituitary Glands and Urinary Excretion 


of Neutral Reducing Lipids in the Rat.* 
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S. Smitx III.+ 


From the Department of Biochemistry, Division of Laboratories and the Institute for Medical 
Research, Cedars of Lebanon Hospital; and the Department of Medicine, University of 
Southern California School of Medicine, Los Angeles. 


Adrenal cortical stimulation in the rat is, 
at present, evaluated by adrenal ascorbic acid 
or cholesterol depletion in acute experiments 
(1) and by adrenal weight and morphological 
changes in chronic experiments(2). During 
the course of studies on the role of the ad- 
renal in experimental hypertension, it was 
thought desirable to evaluate adrenal cortical 
activity by measuring the urinary excretion of 
adrenal cortical hormones or their metabolites. 
Several chemical procedures(3-5) have been 
developed for the determination of these sub- 
stances in human urine. The method of 
Heard and Sobel(3) is based on the ability of 


* This investigation was supported by a research 
grant from the National Heart Institute of the 
National Institutes of Health, Public Health Serv- 
ice, and the L. B. Mayer Foundation. 

+ Howard R. Hughes Medical Research Fellow. 

+ Columbia Foundation Fellow in Medical Re- 
search. 


neutral lipid extracts of urine to reduce phos- 
phomolybdic acid. This method has been 
shown to correlate with clinical and biological 
evidence of altered adrenal cortical activity 
in human beings. In the present study, a 
modification of this method has been applied 
to evaluate adrenal cortical activity in the rat. 

Experimental procedure. Urine collection. 
The method for urine collection has been de- 
scribed(6). Rats of the Slonaker-Addis strain 
were taken off the stock diet and placed in 
urine collection cages at 5 P.M. During the 
overnight collection period the animals re- 
ceived ad libitum a 15% glucose solution in 
0.4% sodium chloride containing 0.5% of a 
mixture of B vitamins (Betaplexin*). There 
may be some theoretical objections to the use 
of this solution in experiments designed to test 
adrenal cortical function. Nevertheless, it was 
necessary in order to assure a copious flow of 
uncontaminated urine. Normal rats on over- 
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night collection drink approximately 50 to 60 
ml of this mixture and excrete approximately 
40 to 50 ml of sugar-free urine. Since the 
neutral reducing lipid material is rapidly de- 
stroyed in alkaline solution, 2 g of ammonium 
sulfate were added to the urine bottles prior 
to the collection period. The following morn- 
ing the urines of each experimental group were 
pooled and filtered through glass wool. The 
pH of the pooled specimens was usually be- 
tween 6.0 and 6.5. If the pH exceeded 7.0 
the urine was discarded. 

Chemical procedure. A 15 ml aliquot of 
urine was adjusted to pH 1.0 with 6 N hydro- 
chloric acid with the aid of a Beckman pH 
meter. The urine was transferred to a 30 ml 
ground glass stoppered test tube and shaken 
with 4 ml of a 4:1 ether-chloroform mixture. 
The supernatant was aspirated into a separa- 
tory funnel. This operation was repeated 3 
times. The combined extracts were shaken 4 
times with 3 ml portions of ice cold 0.1 N 
sodium hydroxide and 4 times with 3 ml por- 
tions of water; then dried over anhydrous 
sodium sulfate. The extract was transferred 
to a colorimeter tube and the solvent was re- 
moved under a stream of nitrogen. Five ml 
of a 1:1 mixture of glacial acetic acid and 
phosphomolybdic acid solution (Folin-Wu) 
were added and the contents of the tube were 
heated for 60 minutes in a boiling water bath. 
A standard solution containing 100 y of de- 
soxycorticosterone was similarly treated. The 
color was read at 660 pw. The results were 
calculated as y equivalents of desoxycortico- 
sterone per rat per day. The calculated value 
is the amount of neutral reducing lipids 
(NRL) contained in the urine per rat per day. 

Biological procedure. Bilateral adrenalec- 
tomy was performed in one stage under ether 
anesthesia. The adrenalectomized rats were 
maintained on a 1% sodium chloride solution 
for 4 to 5 days after the operation. 

Beef pituitaries were carefully dissected and 
the anterior and posterior lobes were enu- 
cleated. The preparations were made by 
brief maceration of these fractions with 
acetone in a Waring Blendor. The residue 
was filtered, dried, then ground to a fine 
powder. These pituitary suspensions, as well 
as ACTH and growth hormone, were adminis- 
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TABLE I. Effect of Adrenalectomy and Admin- 
istration of Pituitary Hormones on Neutral 
Reducing Lipid Excretion in the Rat. 


No. of 

No. of | obser- NRL (mean 

Group rats vations stand.dey.) “p”* 
Normals « 600 150 Ole2i pata 
Adrenalectomy “104™ 26° «29 Ses s00d: 
ACTH 74 14 74 iowa ial 
Growth hormone 27 i Cal 13 Oy 03: 
Ant. pituitary 24 6 78 68a 
Post.” 24 1) ON ele 001 


* <<? compares each mean to the mean of the 
normal controls, 


tered in 0.9% sodium chloride solution sub- 
cutaneously in the dosages indicated in the 
text. Control animals received 0.9% sodium 
chloride solution only. 


Results. The data were analyzed by Fish- 
er’s Method. ‘“p” values greater than 0.01 
were not considered to be significant. The 
NRL excretion usually ranged between 50 and 
90 y per rat per day (mean 61.2 + 2.1, Table 
I). However, since these limits were in some 
instances exceeded, it was necessary to com- 
pare the excretions of the experimental ani- 
mals with that of their controls in any indi- 
vidual determination. There was no signifi- 
cant sex difference in the level of NRL ex- 
cretion; male rats excreted 65 + 2.7, while 
female rats excreted 57 + 3.1 y per rat per 
day. The difference between these means is 
not significant. 

Adrenalectomy. The excretion of NRL by 
adrenalectomized rats was determined on 104 
rats in 26 groups carried out over a period of 
nearly 2 years. The average daily excretion 
was approximately 29 y per rat. 

ACTH administration. It has been ob- 
served in this laboratory that rats of the 
Slonaker-Addis strain do not have an eosino- 
penia following a single injection of ACTHS 
(7). It was necessary to give this substance 
in 3 doses in order to obtain a maximal 
eosinophile fall. ACTH was, therefore, given 
at 5 P.M., 11 P.M., and 7 A.M., during the 
overnight collection period. The total dosage 


§ We wish to thank Doctors Edwin E. Hays and 
Irby Bunding of Armour and Company, Chicago, 
Illinois for supplying us with the ACTH and the 
growth hormone used in this experiment. 
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administered per rat ranged from 8 to 48 mg 
equivalents of LAIA standard. This was 
given to 74 rats in 14 groups. In only 3 in- 
stances was an average increase in NRL excre- 
tion obtained. It is concluded that ACTH 
does not significantly increase NRL excretion 
in the strain of rats used in this study. 

Growth hormone administration. It has 
been suggested that growth hormone is in- 
volved in stimulating the production of min- 
eralocorticoids by the adrenal cortex(8). 
Growth hormone$ was administered sub- 
cutaneously in doses of 0.5 mg to 12.5 mg per 
rat at the start of the urine collection period. 
In 6 out of 7 experiments, no significant 
change in excretion was noted. It is concluded 
from these data that growth hormone does 
not increase NRL excretion. 

Administration of acetone dried anterior 
and posterior pituitary powder. Several pilot 
experiments indicated that saline suspensions 
of beef whole pituitary glands produced large 
increases in NRL excretion, whereas similarly 
treated suspensions of casein or rat liver pow- 
der in 0.9% sodium chloride solution were 
inert in this respect. Anterior and posterior 
pituitary gland preparations were then tested. 

Fifty mg of preparation was suspended in 
4 ml of 0.9% sodium chloride solution and in- 
jected subcutaneously at the beginning of the 
urine collection period. An equivalent amount 
of 0.9% sodium chloride. solution was in- 
jected into the control_rats. 

Anterior pituitary powder produced no sig- 
nificant change in NRL excretion. Except in 
one instance, posterior pituitary powder pro- 
duced excretions exceeding 160 y per rat per 
day. The greatest quantity excreted by a 
group of normal rats was 124 y per day. Fol- 
lowing the administration of posterior pitui- 
tary preparation, the rats become lethargic 
for a period of several hours. This effect has 
been noted in dogs and rabbits and is de- 
scribed as a state of “apnea” (9). The output 
of urine was greatly decreased. In a single 
instance waen NRL excretion did not in- 
crease following posterior pituitary injection, 
the oliguria and lethargy were still present. 
These symptoms were present after the ad- 
ministration of heated posterior pituitary sus- 
pension, although the preparation had lost, to 
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TABLE II. Effect of Posterior Pituitary Powder 
on Neutral Reducing Lipid Excretion 
in Adrenalectomized Rats. 


No. of Urine vol, NRL, 

Treatment* rats ml/rat/17hr -+/rat/day 
Normal 13 44 66 
Normal post. 13 9 184 

pituitary 

powder 
Adrenalectomy 18 34 36 
Adrenalectomy 18 8 73 

post. pituitary 

powder 

* All animals received 4 ce of .85% sodium 


chloride solution subcutaneously in addition to the 
indicated treatment. 


a considerable degree, its ability to increase 
NRL excretion. 

Several preliminary experiments seem to in- 
dicate that pitocin!! is inert, but that pitressin! 
does increase NRL excretion. Thus, totals of 
7.5, 15, and 30 units of pitressin, given in 3 
injections, caused an excretion of 95 y, 144 ¥, 
and 153 y per rat per day. The control rats 
excreted 75 y per rat per day. 

Administration of posterior pituitary pow- 
der to adrenalectomized rats. It is possible 
that posterior pituitary powder increases NRL 
excretion by stimulating the adrenal cortex. 
In order to test this hypothesis, posterior pitui- 
tary powder was administered to adrenalecto- 
mized rats and the results are indicated in 
Table II. Posterior pituitary powder caused 
an average increase in excretion of 118 y 
above normal while in adrenalectomized ani- 
mals an average increase of 37 y above the 
saline injected adrenalectomized controls was 
produced. 

Discussion. The use of phosphomolybdic 
acid as a reagent for the determination of 
NRL is based upon the ability of the —CO: 
CH,OH group and the a: unsaturated 
—3-ketone of ring A of the steroid nucleus to 
reduce the reagent(10). When applied to 
human urine, there is a correlation betweem 
the level of NRL excretion and the biological 
activity of equivalent extracts, although a 
fraction of the NRL is not of adrenal cortical 


|| Parke Davis brand used, 10 pressor units per 1 
cc vial. 


| Parke Davis brand used, 20 pressor’ units per 1 


ce vial. 
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origin(3). The NRL determination in human 
urine has been used clinically to evaluate ad- 
renal cortical function(11,12). The adminis- 
tration of ACTH to man causes a considerable 
increase in the excretion of neutral reducing 
lipids(13). Burstein(14) has reported that a 
large increase in excretion of NRL and for- 


maldehydogenic material followed the admin-- 


istration of as little as 100 y of ACTH to the 
guinea pig. It was, therefore, startling to ob- 
serve that even though adrenalectomy reduces 
NRL excretion to half the control value, doses 
of ACTH which produce an eosinopenia in 
the Slonaker-Addis strain of rats do not in- 
crease NRL excretion. The failure of anterior 
pituitary powder to increase NRL excretion 
confirms the lack of effectiveness of ACTH. 
It was even more surprising to observe that 
an increased NRL excretion was induced by 
posterior pituitary gland powder. The causa- 
tive agent in this crude mixture appears to be 
thermolabile. The substance which increased 
NRL excretion probably acts through the ad- 
renals, although some increase in excretion 
does occur in the absence of the adrenals. 
Summary. The neutral reducing lipids were 
determined in the urine of rats. Adrenalec- 
tomy decreased the excretion of this material 
to one-half the control value. Neither ACTH, 
growth hormone, nor anterior pituitary pow- 
der significantly increased NRL excretion. 
Posterior pituitary powder increased the ex- 
cretion approximately 3-fold. This response 
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is considerably diminished in adrenalectomized 
rats. 


We wish to thank the Glesby Brothers Grain and 
Milling Co., Monrovia, Calif. for supplying us with 
grain products. 
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J. B. Bateman, Mary S. Davis, AND Patricta A. McCArFFREY. 
From Camp Detrick, Frederick, Md. 


Much of what is known about the red cell 
membrane has resulted from observing the 
effects of various chemical substances upon 
red cells. Certain of these when added to a 
cell suspension become attached to the cell 
surface. This attachment or its sequelae may 
manifest themselves in many ways, agglutina- 
tion or lysis being among those most readily 
observed and least understood. 

Although hemagglutinating and hemoly- 


sing substances are not always sharply dif- 
ferentiated, there are instances in which the 
two types of action can be separated quite 
clearly. In this report, which deals with the 
successive actions of the two types of sub- 
stance, the guiding principle has been the idea 
that effects might be produced which could 
be interpreted as the result either of simple 
blockage of one function by the other or of 
complete independence of the two functions, 
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this being the simplest working hypothesis 
that occurred to us. It was realized, of course, 
that data might be obtained which would 
compel recognition of more complex inter- 
relationships. 

Methods. The choice of hemolytic and 
hemagglutinating systems was governed in 
part by considerations irrelevant to the fore- 
going argument. The PR8 influenza virus 
agglutinin was used because of an interest in 
the virus-cell interaction. It is not a typical 
hemagglutinin, because it produces irreversi- 
ble effects upon the red cell surface which lead 
to its spontaneous elution. However, it can be 
converted by gentle heating into an agglutinin 
which attaches itself permanently to the red 
cell. Red cells treated with each of these 
substances were used in our experiments. The 
lysin, sodium choleate, was chosen partly for 
reasons of experimental convenience and part- 
ly because it is one of a class of agents that 
has been much investigated. Useful hypo- 
theses are available concerning their mode of 
action. A standard procedure was used. 
Washed guinea pig red cells were mixed with 
the ultracentrifugally purified PR8 virus ag- 
glutinin or with the heated virus preparation 
to give a 1.5% cell suspension by volume, and 
from time to time the concentration of free 
agglutinin in the suspending medium and the 
rate of lysis of the red cells upon addition of 
sodium choleate were determined. The former 
was measured by titrating the agglutinin with 
chick red cells. The latter was determined 
turbidimetrically, the rate of lysis in the cen- 
tral portion of the sigmoid hemolysis curve 
being characterized by a unimolecular velocity 
constant &, the value of which is readily ob- 
tained by plotting the logarithm of the per- 
centage of intact red cells against time and 
applying the following equation to the straight 
line so obtained: 

2.3 log (100-P) = 1n (100-P) = k (t-a) 

P is percent hemolysis, ¢ is time in minutes, 
and a is an intercept obtained by extrapolating 
the straight line to zero hemolysis. 

Resulfs. In nearly all experiments an un- 
equivocal decrease in the constant k was ob- 
served during the adsorption phase of the ad- 
sorption-elution sequence. This was  suc- 
ceeded during elution by a gradual return to 
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TABLE I. Effect of Adsorption and Elution of 
Ultracentrifugally Purified PR-8 Influenza Virus 
Hemagglutinin on Unimolecular Velocity Constant 
for Lysis of Guinea Pig Red Cells by Sodium 


Choleate. 
Time, Kae k, 
min ‘ily DAA SI ncenbane se mennspb alee MiayAtes 
—7 — _ 112 — -—— 
0 Fil, if 
2 — — — .67 60 
4 48 09 
16 -—— — — 40 36 
17 48 09 -— — — 
29 a — Te — — 
43 a a .62 5D 
45 64 13 
54 — — 112 — 
126 79 75 
138 — _ 1.05 — — 
178 -— — — 80 78 
181 384 75 
305 — — — 70 74 
308 ol2 1 
358 _ 92 — — 
363 a — 92 il! 
364 512 1 
408 — — 83 — — 
413 —_ — —_ .98 1.18 
484 — — 79 _— — 
491 1.18 1.50 
494 512 if ‘ 


Time scale is in min after addition of hemag- 
glutinin to red cell suspension. 

T is titer of free hemagglutinin in mixtures of 
red cells and agglutinin, determined with chick 
red cells by Salk method. 

k, is unimolecular velocity constant for lysis of 
control suspension of guinea pig red cells by 
sodium choleate. Final concentrations in reaction 
mixture: red cells, .75 vol %, sodium choleate, 
03%. 

k is unimolecular velocity constant for lysis of 
guinea pig red cells in presence of PR-8 influenza 
virus hemagglutinin. 


the normal value and then by a significant 
increase above the normal value. The magni- 
tude of the effects observed can be seen from 
Table I in which the results of a representative 
experiment are given in condensed form. In 
this table the course of adsorption and elution 
of virus hemagglutinin can be followed by 
inspecting the column headed T/To in which 
the amount of free agglutinin is expressed as 
a fraction of the total agglutinin present in 
the red cell suspension. The concomitant 
changes in lysis rate under standard conditions 
are shown in the final column, in which values 
less than unity represent inhibition of lysis 
and values greater than unity represent ac- 
celeration. It will be noticed that the process 
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of elution and the corresponding change in 
lysis rate did not occur simultaneously. The 
first sign of reversal of the initial inhibitory 
effect was detected some time after elution 
had become evident, and the lysis rate con- 
stant continued to increase after complete 
elution. 


The ‘“‘nonelutable’” heated hemagglutinin or 
‘Gndicator virus’ when used in the form of a 
solution of comparable titer to that of the 
original elutable material, although completely 
and permanently adsorbed by the standard 
guinea pig red cell suspension, produced only 
a slight and uncertain inhibition of lysis rate. 


Discussion. In considering the interpreta- 
tion of these results it must be recalled that 
whereas the lysis of red cells by substances 
like saponin and sodium choleate is without 
effect upon the average electrostatic charge 
density of the cell membrane(1), the adsorp- 
tion and elution of influenza virus hemagglu- 
tinin is accompanied by a very great decrease 
in charge density(2). The discovery that 
lysis is inhibited when the agglutinin is ad- 
sorbed suggests that the sites of adsorption of 
lysin are situated somewhere on the virus re- 
ceptor spots and may be the points of initial 
attachment of the virus agglutinin, this being 
followed by a chemical action involving a suffi- 
ciently large portion of the surrounding sur- 
face to cause a change in the average charge 
density of the entire surface. 

This simple hypothesis of key spot blockade 
meets with some difficulty when the results 
obtained with the nonelutable agglutinin are 
considered. The proportion of the cell surface 
covered by the nonelutable substance must 
have been at least as great as the maximum 
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proportion covered during the adsorption-elu- 
tion of “active” virus, yet the inhibitory effect 
was slight. In future experiments attention 
will be given to two alternative hypotheses: 
(1) that the adsorption of heated agglutinin 
is less specific than that of the original sub- 
stance; (2) that the inhibition in presence of 
the elutable material is caused by a reaction 


“product and not by the agglutinin itself. 


The results reported here are at first sight 
at variance with those of a single experiment 
described by Briody(3). However, his ex- 
periment differs, since he worked with a com- 
plex system containing uncontrolled amounts 
of several extraneous substances. 

Summary. 1. The rates of lysis of guinea 
pig red cells by sodium choleate are altered by 
the adsorption and spontaneous detachment 
(“elution”) of purified PR-8 influenza virus 
hemagglutinin. During the adsorption phase; 
lysis is inhibited; after detachment of the 
agglutinin, there is a delayed increase in rate 
of lysis to values above normal. 2. Considered 
in conjunction with electrophoretic data for 
red cells treated with virus hemagglutinin, 
these results suggest that the hemagglutinin 
first attaches itself to a lytic “key-spot”. It 
then brings about, over a considerable neigh- 
boring area of the red cell surface, the changes 


-which are manifested in alteration of the 


average electric charge density of the surface. 
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Chemical Changes in Tumor-Bearing Mice.* (19743) 


L. R. Cerecepo, D. V. N. Reppy, M. E. Lomparpo, P. T. McoCartuy, AND 
J. J. TRAVERS. 


From the Department of Biochemistry, Fordham University, New York City. 


It has previously been shown in this lab- 
oratory that significant changes occur in the 
nucleic acid content of the tissues of tumor- 
bearing mice(1-3). Similar changes, though 
less pronounced, were observed in mice during 
gestation(4). Evidence has also accumulated 
to show that the metabolic pattern of the or- 
ganism as a whole is markedly altered by the 
presence of a malignant tumor(5,6). In view 
of the close relationship between the nucleic 
acids and protein synthesis during growth 
processes, it was considered of interest to 
study some of the amino acids in the tissues 
of sarcoma-bearing mice. A study of the in- 
dividual purines and pyrimidines was also 
carried out, with a view of gaining some in- 
formation regarding the composition of the 
tissue nucleic acids. 

The data reported in the present paper show 
that along with the changes in the purine and 
pyrimidine bases, there occur alterations in the 
tissue proteins, as indicated by a significant 
increase in certain amino acids. 


Experimental. Material and methods. Mice 
of the Swiss strain were employed in this 
study. Crocker sarcoma S-180t was trans- 
planted subcutaneously into the right pectoral 
region of 5- to 6-week-old mice of mixed sexes. 
Groups of 40 animals were killed by decapita- 
tion at the end of 1, 2, and 3 weeks 
after implantation of the tumor. The sepa- 
rately pooled tissues were homogenized using 
distilled water at O°C. (a) Nucleic acids and 
purines. The nucleic acids were extracted 
with hot trichloracetic acid(7). The pentose 
nucleic acid (RNA) was determined according 
to the method of von Euler and Hahn(8), and 
the desoxypentose nucleic acid (DNA) ac- 
cording to that of Stumpf(9). The remaining 


* This inVestigation was supported by grants from 
the National Cancer Institute, “National Institutes 
of Health, U. S. Public Health Service, and the 
Damon Runyon Memorial Fund for Cancer Research. 

+ Obtained from the Jackson Memorial Labora- 
tory, Bar Harbor, Me. 


extracts were hydrolyzed with sulfuric acid 
(2), and guanine and adenine were determined 
according to the methods of Hitchings(10), 
and Woodhouse(11), respectively. (b) Pyri- 
midines, Estimation of pyrimidines was car- 
ried out as described previously(1), except 
that the chromatograms were developed in an 
iso-propanol-HCl medium(12). (c) Amino 
acids. An aliquot of each tissue homogenate, 
containing approximately 2 g of fresh tissue - 
was adjusted with distilled water and concen- 
trated HCI so that the final suspension had a 
volume of 25 ml and was 5 N in HCl. The 
tissues were hydrolyzed by autoclaving at 15 
Ib pressure for 8 hours. The hydrolysates 
were brought to a pH of 6.8 with NaOH solu- 
tion and diluted to about 200 ml with a final 
concentration of approximately 2 mg of pro- 
tein per ml. Arginine, histidine, and threo- 
nine were determined microbiologically with 
Streptococcus faecalis(13), while glycine was 
assayed with Leuconostoc mesenteroides P-60 
(14). Cystine was determined colorimetri- 
cally by the method of Winterstein and Folin, 
as modified by Block and Bolling(15). The 
protein content was estimated by multiplying 
the Kjeldahl nitrogen value by 6.25. 

Some difficulty was experienced in deter- 
mining uracil in the lung, and thymine in the 
liver, since liver DNA and lung RNA are low. 
This difficulty was overcome by placing known 
amounts of standard solutions of uracil and 
thymine on the filter paper along with the 
hydrolysates. After developing the chromato- 
grams the pyrimidine content of the tissues 
was determined by difference. 

Results. In Tables I and II are presented 
the values for the nucleic acids, purines and 
pyrimidines in the sarcoma, and in the liver, 
lung, and kidney of sarcoma-bearing mice. 
The changes in the nucleic acids are reflected 
in the values for the purines and pyrimidines. 
Of significance are the changes in the pyri- 
midines, uracil, and thymine, which are a 
measure of RNA and DNA, respectively. 
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TABLE I. Changes in Nucleic Acids and Purines in a Sarcoma and in Tissues of 
Sarcoma-Bearing Mice.* 


Wk after c 
implantation r mg/g dry wt—————_—_—___, 
Tissue of tumor RNA DNA Adenine Guanine 
1 52.5 43.5 
Sarcoma 2 44,7 38.3 
3 31.2 36.2 
{ Controlt Seah are ae er eo eS} 3, bce oll 6.4 + 3 
Liver { 1 40.2 12.3 5.8 8.9 
2 38.4 11.8 4.8 8.1 
l 3 40.2 17 5 (5) 
{ Control 8.6 +1.5 17.5 + 2.2 Bien Ai 30E=n6 
Lung 4 i 16.9 26.5 2.4 4,7 
2 14.7 33.9 3.8 5.9 
l 3 21.9 Sui 3.9 7.2 
{ Control 246+ 9 21.9 + 1.9 3.3 + 1 G8 
Kidney : ¥ 2105 215 3.9 5.9 
2 22.1 25.6 4.3 7 
3 24.3 33.7 Deo Late 


* Values for RNA and DNA are taken from a previous publication (1). 
io3e 
| 

V n(n-1) 


t Values for controls are means + stand. errors. S.E. = , where d is the deviation 
from the mean and n the number of determinations. 


TABLE IT. Pyrimidine Content of a Sarcoma and of Tissues of Sarcoma-Bearing Mice.* 


Uracil, Cytosine, Thymine, 
Wk after ug/100 mg ug/l00mg = wg /100 mg 
Tissue implantation dry wt % of RNA dry wt dry wt % of DNA 
{ 1 166 3.2 671 480 11 
Sarcoma 2 138 3.1 577 425 ddd 
| 3 125 4 477 427 11.8 
Control aus 3.3 284 92 9.4 
Liver | 1 168 4.18 391 116 9.4 
2 160 4.17 386 107 9.1 
{ 3 169 4,18 422 158 9.3 
Control 44 5.1 109 163 9.3 
Lung 1 93 5.5 191 237 8.9 
2 80 5.4 212 298 8.8 
3 99 4.5 264 333 OE 
{ Control 12 5.2 228 215 9.8 
Kidney | 1 120 5.6 240 208 ore is 
2 134 6.1 244 218 8.5 
| 3 112 4.6 260 256 7.6 


* All values are averages of triplicate determinations on a single hydrolysate. 


In general, the increase in uracil follows there is fairly good agreement among the thy- 
the increase in RNA values, and that of thy- mine values for the liver, kidney, and lung, 
mine corresponds to the changes in DNA. It amounting to approximately 9% of the esti- 
will also be noted that in the kidney the RNA mated DNA content. The corresponding 
content remains unchanged. The fact that the values for the sarcoma are higher (about 11% 
uracil concentration in this organ shows no of DNA). The values for uracil, however, 
significant change over the control is further show large variations. 
evidence that only the DNA concentration ‘in- Table III shows the percentages of the 
creases in this tissue. When the values for amino acids in the sarcoma and in the liver, 
uracil and thymine are expressed (Table II) lung, kidney, and spleen of sarcoma-bearing 
as per cent of RNA and DNA, respectively, mice. In analyzing these data any change 


CHEMICAL CHANGES IN TUMOR-BEARING MICE 725: 
TABLE IIT. Percentage of Amino Acids in Sarcoma S-180 and in Tissues of the Host.* 
Wk after 
Tissue implantation Methionine Arginine Histidine Threonine Glycine Cystine 
1 175+ .05 4564.07 184+ .02 3404.10 3.96+.06 111+ .08 
Sarcoma S-180t 2 215+ .05 655+ .09 2.064 .01 424+ .09 4,764.08 124+ .11 
3 toOrees Ove e603.) 2.88 4-108) 23:99 Sey 4s 4:94 32.10) DOSE 05, 
fend) Sia 00: 294.1) 1.03.) 91.624. Oil 8.47 S203) 3581 25205. 582.4205 
Liver al 2.20 + .03 5.30+.12 2144.01 3.742 .10 502+ .04 118+ .04 
2 2.01 + .04 5.664 .04 2.02 + 02. 3.98 + 15 156624 .05 1.02 + .07 
3 2.08 = .04 - 6.062 .16- 2.214 .04 443+ .10 5.73 +.01 1.23 + .09 
fier 0) 140+ .03 3434.05 416+ .06 395+ .05 4074.06 1.06+ .08 
Lung 1 Loo .01 494+ .17 390+ .03 3.94.07 490+ .03 1.29 + .08 
2 TAZ 02.41 = 05) 3.88 3-038 4.30.05 5.92'S= 10 «135: 26 02: 
3 157+ .03 590+ .09 346+ .05 3.9324 .04 532+ .05 124+ .01 
0 2.03 + .05 4.684.083 199+ .03 4704.06 5.284 .14 1.26 .06 
Kidney if 212) .01 6.15.17. 192+ .04 442> .06. 490 + .03 1.22 + 04 
2 alle a= 04 ~ 5.60 09° 1.92 3-038) 4.50 + 11: 5:65 10° 1.27: 01 
3 Zale .05 6:88 se! 8s 2.08 0254.78 + .08 6.381: 12, 1.381 2 02 
0 143+ .02 4464.05 253+ .06 352+.08 5.30+.05 
Spleen 1 139+ .03 487+ .04 2.284 .04 3.62 + .04 — 
2 Pots 08 46722= 07 ~ 2:30 4 06. 3.502 11 5.31 +10 
3 155+ '.02 4.694 .06 2.504 .05 3.974 .10 5.554 .14 


* Amino acid values expressed as % of total protein, the amount of protein 


on the basis of 16% nitrogen. 


having been calculated 


| zd? 
+ Values for each group are means + stand. errors. S.E.= /————, where d is the deviation from 
Vy n(v-1) 
the mean and n is the number of determinations. ‘‘n’’=8 for all amino acids except cystine, where 


as nigel 6. 


less than 15% is not considered significant. 
In the sarcoma, the significant change in ar- 
ginine and glycine may be noted. The values 
for the second and third week for these amino 
acids are higher than those for the first week. 
More interesting, and perhaps of greater sig- 
nificance, are the changes in the amino acids 
in other tissues. In the liver, the changes in 
methionine are not considered significant, but 
all the other amino acids show a definite in- 
crease over the normal controls. The maximum 
increases are: arginine, 46%; histidine, 36%; 
threonine, 28%; glycine, 50%; cystine, 50%. 
In the lung, an increase of 72% in arginine, 
46% in threonine, and 27% in cystine was 
found. On the other hand, there is a pro- 
gressive drop in the histidine content of the 
lung as the tumor develops. Arginine alone 
shows a significant increase in the kidney, 
whereas in the spleen none of the amino acids 
studied shew a significant change. 
Discussion. The changes observed in the 
pyrimidines and purines confirm our previous 
findings(1-3) that there is a significant in- 
crease in the nucleic acid content of the tissues 
of tumor-bearing mice. .The increases in 


uracil and thymine parallel the observed 
changes in RNA and DNA, respectively. 

It was hoped that the determination of the 
individual components of the nucleic acids 
would give some indication of the composition 
of the 2 nucleic acids in the various tissues. 
However, the values for uracil when expressed 
as per cent of RNA vary considerably in the 
different tissues. It must be emphasized that 
unless the 2 nucleic acids are separated, and 
the composition of each studied separately no 
rigid conclusions can be drawn. We plan to 
extend our studies along these lines. It is 
noteworthy that there is generally (except for 
the third week value for kidney, Table IT) 
good agreement in the thymine values of the 
liver, lung, and kidney, when expressed as per 
cent of DNA. The values for the sarcoma 
are consistently higher. It will be noted that 
the nucleic acids were estimated colorimetri- 
cally by methods which are not highly sensi- 
tive. Secondly, the results are expressed on 
the basis of the dry weight of the tissue. Both 
of these methods leave much to be desired. 
In view of these limitations the agreement in 
the thymine values is remarkable. It is not 
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yet clear whether the composition of the nu- 
cleic acids in the sarcoma is different from 
that of other tissues. But in the case of the 
liver, lung, and kidney, it is concluded that 
the composition of DNA is the same. In this 
context the work of Chargaff and coworkers 
(16) should be mentioned. Their observa- 
tions on isolated samples of DNA from a 
variety of sources suggest that the composition 
of this nucleic acid is constant for different 
organs of the same species and characteristic 
of the species. 

The increases in amino acids might be 
ascribed to an increase either entirely in the 
free amino acids, in the protein alone, or in 
both. Preliminary studies on the liver in this 
laboratory+ thus far indicate that the increase 
in the amino acids is not solely due to an in- 
crease in the free amino acids. Significant in- 
creases in the amino acids (including free 
amino acids) have been found to occur in neo- 
plasms and in the tissues of newborn mice 
(17,18). 

The fact that the amino acids in the spleen 
show no significant change may have a bearing 
on our previous observations(1-4) that the 
nucleic acid content of this organ does not 
show a definite increase as in the case of the 
Other tissues. 


Summary. 1. The nucleic acids, purines, 
pyrimidines, and methionine, arginine, histi- 
dine, threonine, glycine, and cystine have 
‘been determined in various tissues of mice of 
the Swiss strain bearing transplanted sarcoma 
180 (Crocker). 2. The changes in the nucleic 
acid content of the tissues are paralleled by 
the values for the individual purines and pyri- 
midines. In the liver and lung of mice bearing 
sarcoma, there is an increase in both RNA and 
DNA, and this increase is further confirmed 
by the corresponding increases in uracil and 
thymine. The fact that only the DNA con- 
tent of the kidney increases is further sup- 
ported by an increase in the thymine values 
alone, while the uracil content of this organ 
remains unchanged. 3. The values for thy- 
mine when expressed as per cent of DNA, 
suggest that the composition of DNA in the 
liver, lung, and kidney is the same. 4. The 


+ Experiments by Mr. E. J. Singer. 


CHEMICAL CHANGES IN TUMOR-BEARING MICE 


study of the amino acids present in a sarcoma 
and in the tissues of normal and sarcoma- 
bearing mice reveals that there are significant. 
changes in the amino acids of the tissues of 
tumor bearing animals. In the sarcoma, there 
is a significant increase in arginine and gly- 
cine, the values for the second and third week 
being higher thanthose for the first week. In 
~ the livers of these animals, there is a signifi- 
cant increase in arginine, histidine, threonine, 
glycine, and cystine over the normal controls. 
In the lung, the increase is noted in arginine, 
threonine, and cystine, while there is a drop 
in the histidine content, as the tumor pro- 
gresses. Arginine alone shows a significant 
increase in the kidney, while in the spleen 
none of the amino acids studied shows any 
change over the normal control values. 
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Effect of Methionine upon ee of DL-Homocystine by Brucella suis 
(19744) 


C. E. LANKForp, L. J. Ropr, AND V. T. SCHUHARDT. 


From the Brucellosis Research Laboratory of the Clayton Foundation and the Department of 


Bacteriology, University 


Although homocyst(e)ine has not been iso- 
lated from biologic systems it is accorded an 
intermediate position in the present concept 
of the L-cysteine <= L-methionine transforma- 
tion(1). Available evidence indicates the 
participation of both these latter amino acids 
in protein synthesis. Hence, any organism 
capable of utilizing either as its sole source 
of sulfur is assumed to be capable of convert- 
ing this compound to the other according to 
its needs. If such an assumption is correct, 
it seems reasonable that such an organism 
would be equally capable of utilizing an exo- 
genous supply of the common intermediates, 
provided these encountered no permeability 
barrier in passage to the centers of cell me- 
tabolism. Conversely, the failure of a com- 
pound, designated as an intermediate, to 
serve as the sulfur source for this organism 
would cast suspicion upon its projected role in 
the transformation(2). It has been observed 
that certain Brucellae which utilize either 
L-cyst(e)ine or L-methionine alone, under 
conditions which do not permit utilization of 
DL-homocyst(e)ine, are “stimulated” to 
utilize the latter in the presence of trace 
amounts of methionine. cae 


of Texas, Austin, Texas. 


Experimental results. Brucella suis utilizes 
either L-cystine, L-cystathionine, or L-meth- 
ionine as sole source of sulfur in a medium 
containing mineral salts, essential vitamins, 
L-asparagine, and lactate(3). Lactate plays 
an important, although undefined, role in the 
sulfur metabolism of these organisms, since 
its omission from the asparagine medium 
creates a requirement for cyst(e)ine. The 
asparagine and lactate components of the 
medium may, however, be replaced by an 
oxidized casein hydrolysate(3) without alter- 
ing the capacity of B. suis to utilize L- or DL- 
methionine. Since growth was somewhat more 
rapid in the latter medium, it was substi- 
tuted for the asparagine-lactate medium in 
certain phases of this study. 

The experimental procedures and_ the 
sources of the B. suis cultures have been de- 
scribed previously (3). Each sulfur compound 
was added to the basal medium in a freshly- 
prepared, filter-sterilized solution. Its con- 
centration in the medium is expressed in terms 
of micrograms or millimicrograms of sulfur 
per ml. The growth response of standardized 
inocula (100 to 200 thousand viable cells per 
ml) was determined turbidimetrically after 3 


TABLE I. Relation of Methionine Contamination of DL-Homocyst(e)ine to Utilization 
by Brucella suis. 


Estimated methionine 


content (% by) 


Homocyst (e) ine 


Micro- required for growth 
biological Chromatog- of B. suis 1722 
Homocyst (e) ine* assay t raphy (ug sulfur/m1) 
Sample 1 5-10 5-10 2(+) 
DL-Homocystine vO Sac 5-10 5-10 (ee) 
rs eal 0§ >10,<25 
DL-Homocysteine 25 +|| 5 
DL-Homocysteine thiolactone .35 ei) 


* The DL-homocystine and the DL-homocysteine were commercial samples. The DL-homo- 
cysteine thiolactone was kindly supplied by Dr. R. P. Wagner, Department of Zoology, 
University of Texas. 

+ Based on assay with methionine-dependent strain Brucella melitensis 2460. 

t When the homocyst(e)ine was supplied as the sole sulfur source. 

§ No methionine spot detected. 

|| Doubtful methionine spot. 
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to 5 days incubation at 37°C. 


Initial investigations of the availability of 
DL-homocystine* for 10 strains of B. suis 
yielded inconsistent results which were related 
to the different commercial samples under test. 
By paper chromatography, and by assay with 
a strain of Brucella melitensis which has an 
absolute requirement for methionine, a direct 
correlation was established between meth- 
ionine content of the DL-homocystine sam- 
ples and their utilization by B. suis 1722 
(Table I). After recrystallization several 
times sample No. 3 yielded a product which, 
in the absence of added methionine, supported 
no growth of the test strain after 3 days’ in- 
cubation with amounts up to 40 »g DL-homo- 
cystine sulfur per ml (Fig. 1). Other more 
sensitive strains, as B. suis 1C, required more 
rigid purification of homocystine in order to 
eliminate appreciable growth response in the 
absence of the methionine supplement (Fig. 
2). Although DL-homocysteine and the thio- 
lactone were not subjected to purification, 
their activity was no greater than DL-homo- 
cystine of comparable methionine content. 


When 10 millimicrograms of DL-methionine 
per ml were added to the medium containing 
purified DL-homocystine, a striking growth 
response ensued (Fig. 1). This effect was de- 
tectable with as little as 1 millimicrogram of 
methionine sulfur, although for maximum re- 
sponse in the presence of 2 to 5 wg of DL- 
homocystine sulfur, 10 to 20 millimicrograms 
of methionine sulfur per ml were required. 
Although utilization of the impure prepara- 
tions of DL-homocysteine and its thiolactone 
was stimulated by a supplement of 10 milli- 
micrograms of methionine, utilization of lower 
concentrations was somewhat inferior to that 
obtained with DL-homocystine under com- 
parable conditions, 


The growth response to homocystine was 
roughly proportional to the concentration of 
methionine within the range from 1 to 10 milli- 
micrograms (Fig. 3). It is significant that 
other known biological effects of amino acids 
can be detected only in quantities 10 to 100 


* Commercial preparations, probably diasteroiso- 
meric mixtures approximating 25% D-D, 25% L-L, 
and 50% D-L. 
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FIG. 1. Effect of methionine concentration on 
utilization and zonal toxicity of DL-homocystine. 
Tested in .1% oxidized casein hydrolysate medium. 

FIG. 2. Effect of purification of DL-homocys- 
tine, and of added methionine, on growth in .1% 
oxidized casein hydrolysate medium. 

FIG. 3. Relation of methionine concentration to 
utilization of DL-homocystine. Basal medium is 
1% oxidized casein hydrolysate. 10 myg DL- 
methionine alone produced no visible growth. 


times greater. 


One of the unusual aspects of the growth 
response to DL-homocystine and DL-homo- 
cysteine in the presence of the methionine 
supplement was the form of the dose response 
curves. Relatively high concentrations of 
homocyst(e)ine were required before growth 


UTILIZATION oF DL-HomocystTINE By Brucella suis 


was initiated, and the subsequent response 
seldom was in direct proportion to increased 
concentrations of homocyst(e)ine. In some 
experiments it appeared as though there was a 
threshold concentration of homocystine below 
which it was not utilized, and above which 
assimilation was complete (Fig. 1). Although 
higher concentrations of methionine increased 
the sensitivity of response to homocystine, 
even an amount sufficient to produce detecta- 
ble growth when used alone (about 20 milli- 
micrograms per ml) failed to alter the sig- 
moidal character of the homocystine response 
curve. Moreover, at low concentrations of 
methionine the response curve indicates a 
zonal utilization of homocystine. If the con- 
centration of homocystine exceeded that which 
produced the maximum response, a “toxic” 
effect became evident. This inhibition could 
be reversed by increasing the methionine con- 
centration (Fig. 1). Riesen and colleagues 
(4) encountered a similar response of Lacto- 
bacillus pentosus to DL-homocystine. 


D-, DL-, and L-methionine have been found 
equally effective in promoting utilization of 
homocystine in the asparagine-lactate medium. 
In the oxidized casein hydrolysate medium, 
however, D-methionine was inactive. By the 
addition of supplements of peroxide-treated 
casein hydrolysate to the asparagine-lactate 
medium it was demonstrated that the former 
inhibits utilization of D-methionine by B. suis 
1722 and 1C. This inhibition can be repro- 
duced with 100 pg of DL-methionine sulfone. 
From quantitative considerations, however, 
this sulfone cannot be considered as the only, 
or even the most potent, inhibitory substance 
in peroxide-treated casein hydrolysate. It ap- 
pears likely that the oxidized casein inhibits 
conversion of D- to L-methionine, since B. 
melitensis 2460 utilized only DL- or L- 
methionine in its presence, or in the presence 
of DL-methionine sulfone. In the asparagine- 
lactate medium, however, the utilization of D- 
methionine by this organism is equal to or 
slightly superior to the utilization of L- 
methionine. Somewhat similar observations 
on the inhibitory effect of oxidized casein and 
methionine sulfone upon D-methionine assimi- 
lation have been reported for Lactobacillus 
arabinosus by Camien and Dunn(5). 
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The availability of DL-homocystine as a 
sulfur source in the asparagine medium was 


‘found to be dependent upon both the lactate 


and the trace methionine supplements. If 
either is omitted growth fails to occur. Oxi- 
dized casein hydrolysate, glutamic acid, and 
pyruvic acid substituted for lactate in promot- 
ing the utilization of homocystine to the same 
degree that they stimulated utilization of L- 
cystathionine and methionine. These results 
are consistent with the previous suggestion 
that lactate is linked specifically to a reaction 
transforming L-cystathionine to L-cysteine 
(3). 

Another mechanism enabling B. suis to 
utilize DL-homocystine has been observed. 
Occasionally cultures incubated with recrys- 
tallized DL-homocystine produced delayed 
growth after 8 to 14 days. Transplants from 
such cultures utilize DL-homocystine prompt- 
ly in the absence of methionine, although the 
growth shows the characteristic concentration- 
response lag of the “unadapted” culture (Fig. 
4). This acquired capacity to utilize homo- 
cystine was retained during transfer in the 
absence of homocystine. It appears probable 
that a mutant capable of prompt utilization of 
homocystine was selected in the absence of 
methionine. On the other hand, transfers 
from cultures containing homocystine and as 
much as 8 millimicrograms methionine sulfur 
were no more efficient in utilizing methionine- 
free homocystine than was the parent culture. 
When the concentration of methionine in the 
original culture was reduced to 1 to 2 milli- 
micrograms per ml the resulting growth con- 
tained a mixture of unadapted and mutant 
cells. Apparently the rate and quantity of 
growth in the original culture, as determined 
by its methionine content, is the principal 
factor operating for or against selection of the 
mutants capable of utilizing homocystine. 

Consideration has been given to several pos- 
sible explanations of the failure of purified 
DL-homocystine to function in the metabolism 
of B. suis. For example, inability to reduce 
the disulfide linkage, as observed with certain 
Neurospora and Bacillus subtilis(6,7) mu- 
tants, apparently .cannot account for its in- 
activity for B. suis, since it is utilized no less 
efficiently than DL-homocysteine at compara- 
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A CYSTINE, 2.846 8 
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.001UG $ 


AB DL-HOMOCYSTINE + 


KLE TT- SUMMERSON SCALE READING 


INOCULUM GROWN 8 DAYS IN: 


UTILIZATION OF DL-HomocystTINE BY Brucella suis 


L-ME THIONIN 
008 UG 8 


DL-HOMOCYSTINE, MICROGRAMS S PER ML 


FIG. 4. Effect of inoculum souree on utilization of DL-homoeystine in a basal medium contain- 
ing .1% L-asparagine and .01% lactic acid. 


ble concentrations of methionine. Although 
membrane impermeability to pure homocys- 
tine cannot be ruled out, this explanation 
would require the difficult assumptions of an 
extreme degree of membrane selectivity for 
the next lower homologue, cystine, and the 
elimination of this selectivity by a minute 
amount of methionine. Moreover, it may be 
noted that homocystine utilization was not 
promoted by varying the pH of the medium 
over the range from 6.3 to 8.3, within which 
the response to cystine remain unaltered. 

The possibility has been considered that the 
utilization of DL-homocystine is dependent 
upon an adaptive enzyme which requires a 
trace of preformed methionine for its syn- 
thesis. It is difficult, however, to reconcile 
this explanation with the prompt utilization 
of methionine-free L-cystine, which is as- 
sumed to pass through the homocysteine inter- 
mediate in its conversion to methionine. The 
same objection could be raised to the possible 
role of “active methionine’’(8,9), functioning 
in a catalytic manner to convert homo- 
cyst(e)ine to methionine, thereby generating 
a continuous supply of methionine. It might 
be supposed that an “active homocyst(e) ine” 
is involved in the cysteine = methionine trans- 
formation effected by B. suis. Thus the mu- 
tant B. suis may possess an enzyme system 
for transforming DL-homocystine to the ac- 


tive form, whereas this mechanism is deficient 
or lacking in the wild type. This hypothesis has 
the merit of offering a possible explanation for 
the zonal toxicity of DL-homocystine in the 
presence of suboptimal concentrations of 
methionine, since it might be expected that an 
excess of DL-homocystine would compete with 
the ‘‘active intermediate” being formed slowly 
at low methionine concentration. However, 
it is also possible that the L-L form is the only 
isomer used in the diastereoisomeric complex, 
and that the other unnatural isomers (D-D 
and D-L) complete with the L-L form for 
essential enzyme systems. This inhibition 
might then be reversed by methionine, par- 
ticularly within the “toxic” range of homo- 
cystine concentration. 

Regardless of the explanation of the stimu- 
latory effect of methionine upon utilization of 
homocystine by B. suis, it may be significant 
that other workers(10,11) have found that the 
amount of homocyst(e)ine required to pro- 
duce maximum growth responses of different 
microorganisms exceeds by several fold the 
quantity of methionine or cystine required. 
It is possible that the excess was required to 
introduce sufficient methionine contamination 
to provide the stimulation necessary for effi- 
cient utilization of homocyst(e)ine. We have 
observed, for example, that the ‘“methionine- 
less” Escherichia coli mutant 58-161(11) grew 
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more promptly and at lower concentrations of 
“purified”? DL-homocystine in the presence of 
10 millimicrograms of methionine, although 
some delayed growth occurred in its absence. 
Certainly, conclusions relative to the metabolic 
utilization of homocystine by microorganisms 


must take into account the stimulatory effect, 


of traces of methionine. 

Summary. Brucella suis utilized either L- 
cystine, L-cystathionine, or L- or D-meth- 
ionine as sole sulfur source in an asparagine- 
lactate medium. DL-homocystine, DL-homo- 
cysteine, and DL-homocysteine thiolactone 
also were utilized under the same conditions, 
but only to a degree related to their meth- 
jonine content. Purified preparations of DL- 
homocystine were not utilized except in the 
presence of small quantities of supplementary 
methionine. D-, L-, and DL-methionine were 
equally effective in promoting utilization of 
DL-homocystine, and their effect increased 
to a maximum over a range from 1 to 20 milli- 
micrograms of methionine sulfur per ml. Oxi- 
dized casein hydrolysate and methionine sul- 
fone inhibited the activity of D-methionine. 
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The mode of action of methionine and the 
possible significance of these observations are 
considered from the standpoint of the inter- 
mediacy of homocyst(e)ine in sulfur trans- 
formations, 
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Immunization of Mice with Inactivated Type 2 Poliomyelitis Virus Against 


Types 2 and 3 Viruses. 


(19745) 


Jorpr CaAsAts, PETER K. OLITSKy, AND LENoRA V. BRowNn.* 
From the Laboratories of The Rockefeller Institute for Medical Research, New York. 


Homotypic immunization of mice with in- 
activated suspensions of Type 2 (Lansing) 
poliomyelitis virus has been reported(1-3). 
The amount of vaccine needed for definite 
protection of a mouse was derived from about 
40 mg, or more, of infected central nervous 
system (CNS) tissue; Schwerdt et al.(4) how- 
ever, immunized cotton rats with less ma- 
terial, about 10 mg (Loring e¢ al.(5)). 

Shortly after the MEF1 strain, Type 2, of 
poliomyelitis virus had been successfully 
‘adapted f> newborn mice(6,7), and after it 
was found that sera from persons having 
Type 1 (Brunhilde) virus infection but no 


* Dr. Brown’s work was aided by a Fellowship 
from The National Foundation for Infantile Paralysis. 


past or concurrent infection with Type 2 virus 
reacted with a complement-fixing antigen pre- 
pared with the adapted MEF1 strain(8), the 
present studies were begun. They concerned 
the possibility of an increased immunizing 
power developed by the newborn-mouse 
adapted MEF 1 virus and of cross-protection 
after vaccination with it against types other 
than Type 2. In the studies reported here, 
therefore, vaccines were prepared using both 
the newborn-mouse adapted MEF1 strain and 
the standard, unadapted, virus. The MEF1 
standard (Type 2) and the Leon (Type 3) 
were used as challenge agents. The reason for 
selecting Type 3 as the heterotypic agent was 
that of expediency, namely, the Leon strain 
can be propagated in mice by the intraspinal 
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handling the newborn-mouse adapted variant ~)| | = sey a Oe Raa eens Rae 
of MEF1 virus have been described (6,7). 3 TPA is Seg aa las ma hat Nee 
Vaccimes. Suspensions used for vaccination ©||| @L%|3 |e? [©* JS iq ps 
were prepared as a 10% suspension of infected “||| 4 | 
|| brain tissue (at first cord was also used) in 3|)|3*8/ 45 SADE Helawlan|eca 
| : . ° ° . 8 op, |v HINA YO co nN a 
physiological saline solution. A Waring Blen- 2. Searle 
dor homogenized the suspension and inactiva- es * | 
tion was carried out usually by addition of s//5 | sd) alanalotolyclaniar | 
commercial formalin in final concentrations of = 2 er i aan wa Re | 
0.2 to 0.4%, and in a few instances by irradia- © | 
& . . + ane ot — 
tion with ultraviolet fights The formalinized S SB jnelpcglenzlenlocion 
vaccines were held at 4°C (in one instance §& Sales = 
after incubation at 37°C for 17 hours) (Table } bs 
ane’ 3 Gia | 120 NGTiOD NED RO NS tb 19 | 19 [00 Ht 
\ I) and were tested for activity usually at = reo | NIN SES Sa | SOU pan 
weekly intervals by intracerebral inoculation? % By be [tS [eo © 18 [te ap |e rH Jeo 
. . . Con i> PS im, 
| into 8-15 mice. The mice were held under ob- 2 a 
: . * ie] 
. servation for at least 28 days. Failure of any = An | SS|h ERE eB cen Se) Pe RSH US 
. . . os 
| mice to show neurological signs or to succumb E su | amie ss ho 313 le 19 [a2 o [oo 2 
was taken as an indication of inactivation. It % Sarre Si ae aaa 
iy : . ° Eo) 
| is to be noted that this time (28 days) eos we |Sriessiessigeigcies 
; observation was therefore added to the time =|| © 
Pies : STEED het as 5 
equired for inactivation by formalin before 3 32 ree ane ee ae | 
the vaccine was used in preventive inocula- => fay) etal a Soe roc ne nae 
| tions. As will be seen later, on 2 occasions = ia 
| only, Exp. 7 and 8 (Table IT), traces of active || 3 2. 3 
. 3 aos = 
virus were found. In Tables I and II are S| @s2leclesclegelec|gciec S 
. : . a aS | co Oo an qo a rd = 
] shown the pertinent data for each vaccine, in- ‘:|| 222 i 
i cluding the LD; titer of the virus before in- §|| < =~ 3 
activation, concentration of formalin used, % 8 
time elapsed between the preparation of the ie < 2} |e ae jo |¥ fe : 
vaccine and its preventive inoculation, and 2|/| ¥-2/5 [|S SPS EO sal ae ie 
the number of mice that showed CNS signsor =) | © | = 
. . . aie . Lm er = gS 
died following the intracerebral injection of =|=5 >... ae 
: : > A 2 Ila o- fees ; = 
the undiluted (10% CNS tissue) vaccine in ‘||2 222)" [8 HE Seas eal lke 
| Brae . a 5 | aa 3 S| a 
|. the test for the presence in it of active virus. S| a = 
Immunization. Mice were chosen when 30 4/2 42 >< }s Sas he Sesh 
to 40 days old and collected in 2 or more % ieehi Sheers | See buf Nace cee eee ‘o 
groups: control, and vaccination. The vac- 3). Ps oe aS ee ee estate eS 
cine, adequately diluted, was given intraperi- || > : = 
toneally in 0.1 or 0.2 ml twice or thrice at “5/2 lr le et fe je fe |B 
7-day intervals. The animals were challenged eae en 8 etal Eee cae Pd So 
8 to 10 days after the last injection. The total S | + 
| amount of vaccine given to each mouse is q = 2 
8S EEE ——E———————————————_————— 5 BSolic an) Remon H 12 oD 
i as 27a |A m Ola ta lea = 
+t We are grateful to Dr. George I. Lavin of the a NE Pee eof aie lane Py) 
Rockefeller Institute for his generous cooperation. & || ee 3 
A | 
¢ All such experimental procedures were per- as 2 * 
formed with the aid of ether anesthesia. Cee ap os So ee Ee 
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shown in the tables as the number of mg of 
infected tissue contained in the total inoculum, 
1 ml of 10% vaccine containing 100 mg. 

Virus used for challenge and route of in- 
oculation. The MEF1 standard strain was 
given by the intracerebral route in the usual 
manner. The Leon strain adapted to mice 
by Habel and Li(9) was inoculated intraspin- 
ally as a 10 or 20% suspension of infected 
cord tissue. This strain in its 50th passage in 
mice was sent to us by Drs. Habel and Li, to 
whom we express our thanks. It has under- 
gone 6 additional passages in this laboratory. 
In our hands the strain showed the properties 
described by Habel and Li(9): it was patho- 
genic only after intraspinal inoculation; virus 
could be recovered from the spinal cord but 
not from the brain in affected animals; at 
dilutions of cord greater than 10+, mice were 
rarely affected; the incubation period was 3 
days or more, usually from 4 to 10; finally, 
following inoculation of 10 or 20% suspension, 
the morbidity in the present tests was 50 to 
90% and mortality, 15 to 55%. When the 
Lansing virus was injected intraspinally into 
mice, its properties differed wholly from those 
of the Habel-Li Leon strain(9): the incuba- 
tion period was shorter, 2-4 days; death al- 
most invariably followed paralysis; and the 
LDs5, titer was 10+° or 10+°. It is clear, 
therefore, that there was no admixture of 
viruses in the Leon strain here used and that 
it retained its characters as defined by Habel 
and Li. 

Results. Table I is illustrative of experi- 
ments in which mice vaccinated with the 
newborn-mouse adapted or with the standard 
MEF1 virus were challenged with MEF1 
standard strain by the intracerebral route, ex- 
cept in one instance of challenge by the intra- 
spinal route. It is plain that a vaccine pre- 
pared with the standard MEF1 strain pro- 
tected mice when the total amount of vaccine 
given each mouse was equivalent to 60 mg of 
infected tissue, but no protection was elicited 
when 10 mg of tissue were given. In contrast, 
when vaccines were prepared with the new- 
born-mouse adapted variant of MEF1 strain, 
as little as 1 mg of infected brain tissue, 
equivalent to 0.01 ml of a 10% suspension, 
gave protection against 80 to 200 LDso of 


_ adapted Leon virus. 
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virus; 0.1 mg of tissue, on the other hand, 
failed. Protection could also be achieved 
against challenge inoculation given by intra- 
spinal route, as shown in Exp. 6 (Table I). 

Table II is a summary of tests in which 
vaccines derived from the MEF 1 variant virus 
only were used, and the challenge was carried 
out by intraspinal inoculation of mouse- 
As indicated above, the 
low degree of pathogenicity of the Leon strain 
for mice prevented inoculation of serial dilu- 
tions of virus; hence the challenge in the ex- 
periments reported in Table II comprised 10 
or 20% dilutions of virus in a volume of 0.02 
ml. Following this intraspinal inoculation, 
approximately 10% of the mice died imme- 
diately, and an additional 10 to 20% of the 
animals showed paralysis of one or more limbs. 
or marked scoliosis immediately after inocula- 
tion, which at times persisted for several days, 
or even indefinitely. In order to distinguish 
this type of paralysis induced by technic from 
that following virus activity, all mice that were 
paralyzed 24 hours following intraspinal chal- 
lenge were discarded. Specific paralysis first. 
appeared on the 4th day, rarely on the 3rd, 
as already indicated. The paralysis in the 
control animals was of a progressive type, 
beginning usually in one limb and extending 
to all extremities within the next 5 or 6 days. 
The paralysis was flaccid, and was accom- 
panied by considerable atrophy of tissue and 
loss of weight. Control animals that survived 
after being paralyzed rarely recovered mo- 
bility of the affected limbs. In contrast, vac- 
cinated mice that became paralyzed showed a. 
limited extent of paralysis involving usually 
only one or 2 limbs, rarely more, and within 
8 to 10 days developed recognizable recovery 
of function. With time more and more ani- 
mals recovered completely, often as many as 
half the number paralyzed within the first 7 
days. Little or no loss of body weight was 
noted. 

Exp. 7 and 8 (Table II) were carried out 
with formalinized suspensions which were not 
ripened long enough for the virus to become 
completely inactivated. Thus, in Exp. 7 the 
formalinized vaccine, undiluted and also in 
dilutions of 107 and 10°, was tested for viral 
activity. Three of 7 mice died when given 
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undiluted vaccine intracerebrally but none in 
the groups of 10 mice receiving diluted vac- 
cine. It is of interest that 8 days after prep- 
aration of this vaccine, the first dose contained 
less than one infective unit of virus; when the 
second and third injections were given 7 and 
14 days later, no active virus was present in 
the undiluted vaccine. Similarly, the vaccine 
used in Exp. 8, tested: undiluted 33 days after 
preparation, killed 7 of 28 mice. None of all 
the other vaccines had any recoverable virus 
at the time when used for the immunization 
test. There was no significant difference in 
results, therefore, when a minute amount of 
active virus was by chance present in the 
vaccine. 

The type of immunity induced by formalin- 
ized vaccine is well exemplified by the data in 
one of the typical experiments, Exp. 7 (Table 
II). The control animals, once paralyzed, 
either died or remained paralyzed during the 
period of observation. In contrast, in vac- 
cinated mice morbidity reached a peak of 
50% at 8 days, then diminished gradually, so 
that at 35 days only 25% of the mice were 
still paralyzed, the others having recovered. 
In the same experiment, furthermore, the con- 
trol animals showed an average loss of 13% 
of their body weight by the 21st day after 
challenge, with no subsequent gain or loss. 
The vaccinated mice, on the other hand, 
showed no loss of weight by the 21st day and 
an average gain of 5% by the 35th day. The 
y-square ‘test, with Yates correction, applied 
to the figures of mortality in control and vac- 
cinated animals, exhibited a significant differ- 
ence in all experiments (Table IT). 

As the quantity of inactivated vaccine given 
was small, it became of interest to find out 
whether circulating neutralizing antibody was 
produced. - To ‘this end, 6 mice from each of 
the vaccinated and control groups (Exp. 11) 
were bled under ether anesthesia, on the day 
of challenge. The sera were tested for neu- 
tralizing antibody against the standard MEF1 
virus both by means of virus and of serum 
dilutions. It was found that the undiluted 
serum from vaccinated mice had a neutraliza- 
tion index of 160, or greater, and that the titer 
of this serum was 10°-5, when tested against 
40 LD5» virus. In tests for neutralizing anti- 
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body against the mouse-adapted Leon strain, 
no satisfactory results could be secured be- 
cause of the failure of controls to react regu- 
larly even with low dilutions of the virus. A 
test using the monkey or tissue culture is 
therefore indicated. 

Discussion. It is apparent from the data 
reported here that the immunogenic potency 
of the newborn-mouse adapted MEF 1 strain 
of poliomyelitis virus is far greater than that 
of the standard, nonadapted parent strain, 
when tested under similar conditions. Thus it 
was found that an amount of inactivated vac- 
cine deriving from 60 mg of CNS tissue in- 
fected with the standard MEF1 strain was 
needed to induce significant protection; on re- 
peated occasions, 10 mg of this strain failed 
to protect even against 3 or 4 LDs5o of virus. 
In contrast, as little as 1 mg of tissue infected 
with the adapted strain was sufficient to give 
a significant, reproducible protection against 
a homotypic challenge with Type 2 (MEF1) 
strain of poliomyelitis virus. 

The low degree of pathogenicity of the 
Leon strain (Type 3) for mice precluded 
quantitative studies. It was evident, however, 
that there was a certain degree of cross-pro- 
tection against this Type 3 virus when mice 
were vaccinated with relatively small amounts 
of inactivated MEF1 newborn-mouse adapted 
virus. Thus, of a total of 141 mice vaccinated 
with 10 or 20 mg of completely inactivated 
virus (Exp. 9, 10, 11, 12, Table II) only 2 
died following intraspinal inoculation of the 
Leon strain; while in the same experiments 
38 of 114 unvaccinated controls died after the 
challenge (y-square = 46.1; p <0.001). 

The fact that large numbers of vaccinated 
mice developed only transient paralysis when 
challenged intraspinally with the Leon strain 
might be interpreted to indicate that there was 
a degree of virus multiplication which, how- 
ever, was inhibited at a certain point with 
result that the extent of paralysis was much 
less and its duration shorter than in control 
mice. In controls, on the contrary, the infec- 
tion was infrequently self-limited and often 
progressed to cause death. It is not possible 
at the moment to declare whether this type of 
resistance in the vaccinated is based on tissue 
immunity or on circulating neutralizing an- 
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tibody. Homotypic neutralizing antibody 
was found in the serum deriving from vac- 
cinated mice; as for heterotypic antibody, ex- 
perimental limitations prevented a clear-cut 
result indicating the significance of neutraliz- 
ing antibody against Type 3 virus. It is of 
interest to recall in this connection that Sabin 
(10) found cross-neutralizing antibody to 
arise in man against Type 2 virus during the 
early stage after infection with Type 1 polio- 
myelitis virus. Whether the cross-protection 
induced with the inactivated MEF1 newborn- 
mouse variant would extend to include Type 
1 has not as yet been investigated. Studies 
similar to the ones reported here would be 
indicated in monkeys with Type 1 virus; in 
these animals the oral route of infection rather 
than the intracerebral may possibly be used 
quantitatively(11). In this case more proper 
conditions for detecting any cross-protection 
between Types 1 and 2 might be available 
since it is known that with several other neu- 
rotropic viruses a low or even negligible degree 
of resistance against an intracerebral chal- 
lenge proves to be considerable on challenge 
by peripheral routes. 


Finally, in view of the greater degree of 
multiplication of the newborn-mouse adapted 
MEF1 virus in monkey testicular tissue cul- 
ture(12), it is suggested that use of the 
adapted strain in such cultures might prove 
advantageous for studies similar to those re- 
ported here. 


Conclusions. Experiments were carried out 
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in mice in which an inactivated suspension of 
the MEF1 newborn-mouse adapted strain of 
Type 2 poliomyelitis virus was used as an 
immunizing agent. It was found that 1) the 
adapted strain had a far greater immunogenic 
potency than the standard when the animals 
were challenged with the homotypic strain; 
and 2) a significant and reproducible cross- 
protection was detected when the mice were 
challenged intraspinally with a heterotypic, 
Type 3 (Leon) strain. 


The authors are grateful to J. J. Gingell and H. 
Koch for their valuable technical assistance. 
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A lack of adequate references in the litera- 
ture to the values of normal renal function in 
the dog made it apparent that a statistical 
analysis on a large number of data obtained 
in this laboratory might be of general use. 
Therefore, a statistical analysis of ‘‘normal’” 
renal clearance was performed on the data 
accumulated over a period of 6 years 


using 31 female dogs. The measurements 
of renal function included glomerular filtra- 
tion (creatinine clearance)(1), p-aminohip- 
purate (PAH) renal plasma flow and Tm(2), 
arginine’ Tm(3), and “filtration fraction” of 
penicillin-G clearance(4,5) compared with 
filtration fraction of para-aminohippurate 
clearance. No attempt was made to replicate 
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TABLE I. Mean Creatinine Clearance Values for Dogs, Expressed as ml/min/M?. 


Fae Year 
1943 1944 1945 1946 1947 1948 1949 Grand 
Dog mean mean mean mean mean mean mean mean 
1 80 (51)* 83 (75) 76 (76) 91 (44) 100 (21) — = 83 
2 121 (2) — = = = 3 eS 121 
3 89 (2) — —- — — — — 89 
4 67 (8) — — —- — — — 67 
5 — 83° (45); 115 (11) — — 72°(2) 88 
6 82 (59) 86,(72) 105-(15) 97 (94) 101 (77) 96 (40) 74 (25) 92 
7 — 84 (57) 59 (8) — — _- 81 
8 — 64 (2) 102 (14) — — — — 97 
9 88 (13) — — — — — — 88 
10 — 125 (8) — — — — — 125 
11 a = 113 (16) ke ae = BS 113 
12 — — 100 (18) — — _ — 100 
di = 80 (34) 94 (38) 93 (31) 75 (6) — 88 
14 1, 62) — 91 (38) 86 (73) 86 (23) — — 87 
15 — — 113 (4) — — — — 113 
16 — — 89 (3) —_- — — = 89 
17 — — SSF io) 107 (83) 114 (80) — — 110 
18 —— ae 87 (8) 94 (78) 92 (79) 79 (24) — 91 
19 — — — — 101 (6) 59 (2) — 90 
20 — — — — 170 (3) - — 170 
21 — — vs a — 98 (3) -— 98 
22. —- — — Has G3). 21137183) 70 (9) — 103 
23 = pes on ee 124 (8) i 2 124 
24 Ble ce as ae ns 93(77) 92 (21) 93 
25 en Nal at = 120 (2) 116 (3) a 118 
26 — — — 90 (16) 91 (47) 87 (18) 81 (4) 90 
27 ae on ste 99 (18) 104 (60) 142 (12) Le 108 
28 a sek mes ew 110 (12) 109 (77) eu 109 
29 Be en a3 es iy 104(131) 90 (14) 102 
30 — 82 (10) — — — — — 82 
31 — — — — a= — 74 (12) 74 
Grand 82 85 89 96 101 99 83 *K = 94 
mean 


* No. of determinations. 


the experiments equally for all dogs, since 
some of the animals were not always available 
for experimentation over the entire range 
which is covered by this study. All values pre- 
sented here are as per sq. M of surface area, 
calculated from the Meeh-Rubner equation: 


DO SK W248 
SA = ( —) where SA = surface 
100 and W = wt in kg 


area, 


The determination of all creatinine for 
measurements of glomerular filtration in this 
study was obtained by the method of Folin 
and Wu(6). Para-aminohippurate values were 
obtained By the method of Smith e¢ al.(2). 
All arginine values were determined by the 
method of Stokes et al.(7). In the course of 
these studies the penicillin assays were those 
of Rammelkamp(8), Schmidt and Moyer (9), 
and Oliver(10). 


A test for interaction between dogs and 
years was determined on a total of 2,045 de- 
terminations of creatinine clearances using a 
weighted method described by Snedecor(11). 
It was found by this analysis that large dis- 
crepancies existed among dogs from year to 
year (Table I). The standard deviation of 
a single determination on any given dog for 
any one occasion was 9 cc/min./sq. M surface 
area. The 95% confidence limits were 18 
cc/min./sq. M surface area. Ninety-five per 
cent of all observations in this study may be 
expected to fall within the limits 94 + 36 cc/ 
min./sq. M surface area. 

The analysis of 290 determinations of p- 
aminohippurate renal plasma flow showed that 
the mean values differed from dog to dog and 
from one occasion to another (Table II). The 
standard deviation of a single determination 
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TABLE II. Mean p-aminohippurate Renal Plasma Flow Values for Dogs, Expressed as 


ml/min/M?. 
Dog No. ESO BU BO GN ek. 0. 162 ah 
Mean value 160 184 244 283 211 279 296 324 199 285 233 283 238 
Nowof deter’, 20: 47,. 908,” Si) 3.0 tenes 32 46 290 


minations 


ay, o) 2 


TABLE III. Analysis of Variance. 


Degrees 
Source of of Sumsof Mean 
variation freedom squares square F ratio* 
Between dogs 6 54.9043 9.1507 2.83 
Within dogs 13 41.9710 3.2285 
ky) 96.8753 


Total 


* F ratio = Ratio of mean* for between dogs to 
the mean? within dogs. 


on any given dog for any one occasion was 32 
ec/min./sq. M surface area. The 95% con- 
fidence limits were 63 cc/min./sq. M surface 
area. Ninety-five per cent of all observations 
in this study may be expected to fall within 
the limits 238 + 133 cc/min./sq. M surface 
area. 

It was not possible to do an extensive 
analysis of the p-aminohippurate Tm values, 
since only 20 values spread over 7 dogs were 
available. In this analysis the variation be- 
tween dogs was not significant and could be 
attributed to experimental error (Table III). 
The standard deviation of a single determina- 
tion on any given dog for any one occasion 
was 1.8 mg/min./sq. M surface area. The 
95% confidence limits were 3.9 mg/min./sq. 
M surface area. Ninety-five per cent of all 
observations in this study may be expected 
to fall within the limits 16.5 + 4.7 mg/min./ 
sq. M surface area. 

The analysis of arginine Tm was made on 
27 values from dogs variously employed over 
the years 1946, 1947 and 1949. The statis- 
tical method used was an adaptation of a pro- 
cedure of Ganguli(12). The mean arginine 
Tm value for 1949 was significantly lower 
than that for 1946 and 1947. The difference 
between dogs was not significant and may be 
a reflection of differences between years. 
Since the difference between years was signifi- 
cant, the estimation of a general mean ar- 
ginine Tm value is not too meaningful. We 
report it here for completeness (Table IV). 


The standard deviation of a single determina- 
tion for any given dog for any one occasion 
was 1.7 mg/min./sq. M surface area. The 
95% confidence limits were 3.3 mg/min./sq. 
M surface area. Ninety-five per cent of all 
observations in this study may be expected to 
fall within the limits 12.9 + 7.6 mg/min./sq. 
M surface area. 


There was a total of 919 values on 10 
dogs available for study of the “filtration 
fractions” of penicillin clearances as com- 
pared to the filtration fractions of p- 
aminohippurate clearances. It was evident 
from a preliminary analysis on all of the 
values that the variations among the filtration 
fractions of penicillin and the filtration frac- 
tions of p-aminohippurate values from dog to 
dog and from one occasion to another were 
greater than those observed in the same dog 
on the same occasion. ‘Therefore, replicate 
determinations for every occasion were aver- 
aged and these values (63 for filtration frac- 
tion of p-aminohippurate and 207 for filtration 
fraction of penicillin) were used in the actual 
analyses. Because of the great disproportion- 
ality of the data, a weighted analysis of var- 
lance was done according to the method of 
Snedecor(11) (Table V). The weighted mean 
value for the filtration fraction of p-amino- 
hippurate was .40. The difference between 
the weighted value of penicillin and the 
weighted value of p-aminohippurate was .05. 
In general, there is a consistent trend for the 
filtration fraction of p-aminohippurate values 
to be slightly higher than the filtration frac- 
tion of penicillin values. This is highly sig- 
nificant statistically (P <0.01 and close to 
P = 0.001). Actually, in spite of the sig- 
nificant statistical result, we would require 
more data in the filtration fraction of the p- 
aminohippurate group of figures to be sure 
that differences noted are real and not a re- 
flection of disproportion. 
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TABLE IV. Mean Arginine Tm Values for Dogs, Expressed as mg/min/M?. 


—Arginine clearance values 


: : Mean value Meanyalue Mean value 
Dog No. Date of exp. for date for year for dog 
{ 9-17-46 15.26 1D255) 
370 4 9-19-46 15.84 aoe: 
t 10-30-47. 20.71 20.71 
9-17-46 ali 12.07 
9-19-46 11.14 
365 + 10- 2-47 16.08 14.27 12.23 
11-13-47 13.07 
| 6-23-49 7.44 7.44 
3 iy 6-13-49 7.26 aS = ay 
291 1 6423-49 8.67 7.97 7.97 
( 7-12-46 15.02 15.02 
84 12.94 
) 6-10-49 8.79 8.79 
General mean 12.88 


TABLE V. Mean Values and Number of Occasions 
for the Determination of p-aminohippurate and 
Penicilln—G ‘‘ Filtration Fractions’’ for Each 


‘ Dog. 
A B 
F.F.peni- Difference , 

Dog* EP, (PAH) —cilin——G (A)—(B) 

1 46 (8) 34 (31) 12 

2 .41(24) 39 (16) .02 

3 36 (1) 30 (5) -06 

4 41 (1) 42 (42) -.01 

5 43 (2) 35 (50) -08 

6 B13) 132 (55) -.01 

7 44 (3) 32 (60) 412 

8 .42 (1) 24 (1) 18 

9 37 (9) 285 (5) 02 
10 87 (11) 136° (5) 01 
Weighted -40(63) 35 (270) 05 


mean 


* Dog numbers are tabular and are not neces- 
sarily the same for each animal from table to table. 


Comment. Since so few data, except rep- 
resentative experiments, appear in the litera- 
ture we have felt it justifiable to present this 
analysis of “normal” values for canine renal 
functions despite its limitations. The limita- 
tions imposed on this study derive principally 
from the fact that the data used were the 
control valwes from experiments designed for 
other purposes. Perhaps the statistical analy- 
sis has suffered from the limitation of unequal 
numbers of values and what a statistician 
would consider an unorderly sequence of ac- 
cumulation. 


The analysis of creatinine glomerular filtra- 
tion (GF) rate is the most reliable because of 
the large number (2,045) of accurate deter- 
minations on the greatest population. Even 
so, there were insufficient data over a long 
enough span of the animals’ lives to indicate 
a trend to any change in GF within a 3- to 
7-year span. 

It was surprising that the filtration fraction 
(FF) as represented by GF/RPFpay deter- 
mined simultaneously should be so high 
(0.40), as compared to an FF of 0.19(13) for 
man. Indeed, we customarily found the clear- 
ance of penicillin-G at concentrations of 2 
units/ml of plasma to exceed or equal the ap- 
parent RPF for PAH measured at different 
times in the same animals. It may be that the 
values for RPF were influenced by our cus- 
tomary oral administration of PAH. Poor 
gastrointestinal absorption was made use of 
to maintain a quite constant PAH plasma con- 
centration of the order of 1.0 mg/100 ml or 
less following the administration of the drug 
per os. However, recent reports have sug- 
gested that in man RPF values were lower 
when PAH was administered orally than when 
it was injected parenterally(14). 

It is tenable in the absence of suitable evi- 
dence that the small portion of PAH absorbed 
is either partially hydrolyzed to p-aminoben- 
zoic acid and glycine or conjugated as the 
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glucuronide within the intestine on the portal 
system. Either of the latter p-amino com- 
pounds would be incorporated into the analy- 
sis for PAH and would decrease the apparent 
clearance of that compound. Checks of 
various lots of PAH from our source have 
yielded no evidence that the material admin- 


istered was contaminated with p-aminobenzoic 


acid. - 

In spite of the greater inherent error in the 
microbiological assay, the “filtration fraction” 
for simultaneously determined creatinine and 
penicillin-G clearances is probably the more 
reliable figure, although that agent is not 
commonly employed for the measurement of 
renal plasma flow. Penicillin-G does have the 
advantage, though, that seemingly large varia- 
tions in microbiologically active plasma con- 
centrations have no effect on its clearance. 

While the number of Tmp,y, determinations 
were few they indicated a satisfactory order of 
reproducibility of the values for any animal 
within an experiment, from day to day and 
for a population of apparently normal dogs. 

The Tm values for arginine were found to 
be as reproducible within repeated tests in a 
given experiment or from day to day as ob- 
tained for PAH. However, the variation of 
-the values from year to year was evident for 
each dog where comparisons could be made. 
Although this fluctuation is strictly unaccount- 
able, it may be thought to be due to subtle 
changes in the microbiological assay of the 
compound from time to time. 

Lastly, it should be pointed out that these 
data all represent values for the female. In- 
deed, there seem to be insufficient informa- 
tion in the literature to judge whether sys- 
tematic sex differences in these functions ob- 
tain in the dog. 

Summary. From data accumulated over a 
6-year period on 31 trained, unanesthetized 
female dogs the following mean values for 
several renal functions were calculated: glom- 
erular filtration rate (creatinine clearance) 


= 94 ml/min./sq. M surface area; renal 
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plasma flow (p-aminohippurate clearance fol- 
lowing its oral administration) = 238 ml/ 
min./sq. M; p-aminohippurate Tm = 16.5 
mg/min./sq. M; arginine Tm = 12.9 mg/ 
min./sq. M; simultaneous (creatinine) GF/ 
p-aminohippurate RPF filtration fraction = 
0.40; and'GF/penicillin RPF “filtration frac- 
tion” = 0.35. A statistical analysis of the 


~ variability of the results was presented and 


the significance of the data was discussed. 


The authors wish to acknowledge the indispensable 
cooperation of Dr. Lemuel D. Wright and Mrs. 
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penicillin assays; and of Miss Elizabeth K. Tillson 
and ther colleagues for the creatinine and p-amino- 
hippurate analyses. 
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Preparation of [Radioactive Iodinated Serum Albumin.* 


Lro LUTWAK. 


(19747) 


(Introduced by Lee E. Farr.) 


From the Medical Department, Brookhaven National Laboratory, Upton, N. Y. 


The preparation of proteins tagged with 
Iodine-131 has been described by many work- 
ers(1-4). In order to use these preparations 
for dilution experiments, exhaustive dialysis 
is necessary to free the tagged protein from 
free radioactive iodide. 

A more rapid method for this preparation 
has been developed which eliminates the 
lengthy dialysis step. Ion exchange resins 
have been used elsewhere in the de-salting of 
solutions. The studies reported here indicate 
that the Amberlite. resins IR-100H and 
IR-4B may be used to advantage for the prep- 
aration of radioactive iodinated serum albumin 
solutions free from inorganic iodide. 

Preparation. Ina 125 ml Erlenmeyer flask, 
20 ml of salt-free human serum albumin 
(25% solution as supplied by the American 
Red Cross) were mixed with 5 ml of sodium 
carbonate solution containing 25 g NasCOs 
per 100 ml. The iodinating mixture was pre- 
pared in a dropping funnel by adding 1.2 of 
0.002 M sodium iodide solution and 1.2 ml 
of 0.02 M sodium nitrite solution to 1.0 ml 
of a solution of carrier-free Iodine-131 in 
sodium bisulfite, as supplied by Oak Ridge, 
with an activity of approximately 1 millicurie 
per ml. The solution was stirred and brought 
to a pH below 4 (indicator paper) by the ad- 
dition of 3 drops of 0.5 N hydrochloric acid. 
After a few minutes, the solution was neutral- 
ized with 2 drops of 0.25 N sodium hydroxide 
solution. The reagent was diluted with 16.5 
ml of water, stirred, and added dropwise to the 
alkaline albumin solution with gentle stirring 
over a period of 5 minutes. The funnel was 
rinsed with 5 ml of water, which were added to 
the reaction mixture. After 10 minutes of fur- 
ther stirring, the protein solution was poured 
onto a column of Amberlite IR-4B (analytical 


* This resedrch was done under the auspices of 
the Atomic Energy Commission. 


-grade, previously backwashed with distilled 


water for 30 minutes). The effluent was then 
passed through a second column containing 
backwashed analytical grade Amberlite IR- 
100H. The first 20 ml of the effluent was 
made isotonic by the addition of 1.3 ml of 
15% sodium chloride solution and filtered 
through a sterile Seitz-Manteufel filter into a 
sterile tube. The tube was stoppered with a 
sterile rubber dam and stored in the refrig- 
erator until needed. The total time elapsed 
in the preparation was usually about 2 hours. 

Efficiency of column-desalting. ‘To deter- 
mine the amount of inorganic iodide not re- 
moved by the column, the following experi- 
ment was routinely performed. One ml of the 
preparation was deproteinized with 1 ml of 
10% sodium tungstate solution and 8 ml of 
N/12 sulfuric acid. The filtrate was counted, 
with an end-window type Geiger tube, as was 
a 1:10 dilution of the protein solution. The 
following results are typical: 

1:10 albumin solution: 25,893 + 2% cpm 

Deproteinized solution 323 + 2% cpm 
It is apparent that virtually all of the non- 
protein-bound iodine has been removed by 
the deionization procedure. 

Summary. A rapid procedure for the prep- 
aration of radioactive iodinated human serum 
albumin suitable for injection for dilution 
studies has been described. This technic used 
ion exchange resins instead of dialysis for the 
removal of free inorganic iodide. 
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Biochemical Studies on the Lizard, Anolis carolinensis. 


HERBERT C, DESSAUER. 


(19748) 


(Introduced by Roland A. Coulson.) 


From the Department of Biochemistry, Louisiana State University Medical School, New Orleans, La. 


Although those mammals of interest to bio- 
chemistry have been studied in detail for 


some 50 years, comparative biochemistry as a - 


field of »study is little more advanced than 
was the field of comparative anatomy a hun- 
dred years ago. It is curious to note that a 
century old knowledge of the anatomy of 
most of the common reptiles has not stimu- 
lated research in the chemical composition 
and biochemistry of this important class of 
animals. 

Among reptiles the “American chameleon,” 
Anolis carolinensis, is plentiful, inexpensive 
and has many other advantages in research re- 
quiring the sacrifice of large numbers of ani- 
mals. Before this animal could be used for 
biochemical research, a knowledge of the com- 
position of the blood, urine, and ash was 
thought to be necessary. Since Anolis caro- 
linensis when fully grown weighs only 5 to 7 
g, micro and ultramicro analytical technics 
were required in this survey study. 

All analyses were made on recently cap- 
tured animals which were fasted 4 days before 
use. Blood for glucose determinations was 
obtained by decapitation; blood for all other 
analyses was obtained by cardiac puncture 
in the following manner: About 0.001 ml of a 
0.004% solution of heparin was added to the 
tip of a tuberculin syringe fitted with a No. 
26 needle. While the animal was held ven- 
tral surface up on a table by an assistant, the 
needle of the syringe was placed just anterior 
to the pectoral girdle in the midline, parallel 
to the body of the animal and pointed toward 
its tail. The needle-was then pushed carefully 
through the skin into the region just beneath 
the pectoral girdle. With careful probing the 
heart was penetrated, and following slight 
suction on the syringe, blood was obtained. 
From a single animal one can obtain a maxi- 
mum of 0.05 to 0.20 ml of blood. If less than 
one-half of the total estimated blood volume 
is drawn, 7 out of 10 animals will survive such 
a blood letting. 

If blood pH was to be determined or if 


whole blood was required, the capillary tube 
used in pH_ determinations, and the blood 
pipettes-were filled directly from the blood in 
the syringe. If plasma was required, a metal 
clamp was fitted to the syringe between the 
head of the plunger and the body of the 
syringe and the blood was then centrifuged in 
the syringe. If acid base studies were to be 
done, a drop of mineral oil was layered above 
the blood. After centrifuging the syringe was 
held vertically and the plunger carefully 
twisted upward. By this technic practically 
all of the 0.03 to 0.15 ml of plasma was meas- 
ured directly into blood pipettes for analyses 
without disturbing the packed cell layer in the 
syringe. Using such methods and ultramicro- 
analysis pH, Na, K, Cl and CO, could be 
done on the plasma of one animal. 

Urine was obtained by exerting slight pres- 
sure on the abdomen just anterior to the anus 
and collecting the drops of urine in measuring 
pipettes. Using this method 0.01 to 0.20 ml 
of urine was obtained per animal. 

Ash studies were carried out in November, 
on animals recently caught. After a 4-day 
fast they were weighed, decapitated, dried at 
75°C to constant weight, and ashed in a muffle 
furnace at 450-500°C. The resulting ash was 
weighed, ground to a very fine powder, placed 
in a 10 ml volumetric flask, diluted to mark 
with distilled water, stirred thoroughly and 
allowed to settle. The supernatant fluid was 
analyzed then for Cl, Na and K. Following 
the analyses of these water-soluble constitu- 
ents, enough HCl was added to the flask to 
dissolve the water-insoluble Ca and Mg salts. 
Water was added to mark and samples of the 
acid solution were analyzed for Ca and Mg. 

Analytical methods. Packed cell volume 
determined by the method of van Allen(1). 
Na and K were analyzed with the Beckman 
flame spectrophotometer. Chlorides were de- 
termined in plasma, urine and protein-free 
filtrates of blood by the method of Schales 
and Schales(2) adapted to small volumes of 
sample through the use of the ultramicro 
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TABLE I. Blood Constituents. ; 
ELE 


Avg Analyses Range 
Packed cell vol (%) 26 20 — 34 
Red blood cells (10°/mm!) 96 26 61-— 1.21 
Oxygen capacity (vol %) 9.3 15 = 12.5 
pH 7.26 25 6.93— 7.63 
Na (mM/L) 157 41 139 -186 
K PR 4.59 15 2.80— 5.93 
Plasma, Cl is 127 30 113 133 
COs) 5.4 25 9.6 — 22.5 
Ca ‘4 2.9 20 2 .— 4.2 
2 ue 2.6 19 L7 = .3.2 
‘ | Protein (%) 4.1 12 Soe el, 
( Na (mM/L) 130 15 118 -135 
K ask 31.8 15 20.9 — 38.4 
Cl a 105 18 78 -116 
OOnaa 15 Gey 7a 
Blood 4 Protein (%) 11.5 16 9.1 — 13.6 
Uric acid (mg %) 7.9 20 4.1 — 10.8 
Urea si 7.2 15 5.5 — 9.8 
NH; ” ; 15 O59 
Glucose Z 172 715 58 -—305 
TABLE If. Urine Constituents. and Wu(14). A micro adaptation of the 


Analy 

Avg ses Range 
pH 5.54 19 4.62— 6.50 
Na (mM/L) 20.2 18 5.7 — 33.7 
K ig Pak 18 5.1 — 36.9 
Cl i 23.4 22 4 —49 
OOb Re ibd 15 0 - 1 
Uric acid N (mg %) 45.6 19 5.3 —166.5 
Urea N ye 8.8 20 4.9 — 18.5 
Ammonia N 8.2 20 4.9 — 22.8 
CreatinineN ” 1.3 18 6- 19 


burette of Gilmont(3) and technics of micro- 
analysis suggested by Kirk(4). COs and Op» 
capacity were measured in the Scholander 
syringe analyzer(5,6). The Beckman model 
G pH meter fitted with the Beckman No. 
290-83 capillary glass electrode was used to 
determine the pH of blood and urine. Plasma 
Ca was determined by the method of Sobel 
and Sobel(7), plasma P by the method of 
Kuttner and Cohen(8). Ash Ca was deter- 
mined by permanganate titration(9), Mg by 
the method of Denis(10). Blood and plasma 
were digested and fractions of the digest were 
added to Conway diffusion cells and the pro- 
tein determined as ammonia(11). Ammonia, 
urea and ash Cl also were analyzed in Conway 
cells(11). Blood uric acid was determined by 
the method of Brown(12), urine uric acid by 
the method of Folin(13). Creatinine in the 
urine was measured by the method of Folin 


method of Folin and Wu(15) was used to de- 
termine blood glucose. 

The results of these analyses appear in the 
accompanying tables. Compared to the alli- 
gator(16) and turtles(17), Azolis has a higher 
blood Cl and lower pH. Inorganic P is high 
as compared to the alligator and human. The 
distribution of body water may be approxi- 
mated from the average values of Cl in the 
ash and plasma on the assumption that all Cl 
is extracellular. In the average animal in 
November intracellular fluid is 44.7% and 
extracellular fluid 22.7% body weight. 


Blood glucose averages 172 mg % over the 
year but there is a seasonal variation, an 
average minimum of 110 mg % in August, 
average maximum of 197 mg % in February. 
There are no sex differences. In order to 
check the high values of blood sugar by a 
more specific method, a series of fermentation 
studies were carried out using a yeast micro- 
diffusion method in a special Conway cell(18). 
Fermentable sugar averaged 159 mg % as 
compared with the value of 186 mg % ob- 
tained on a control series using the Folin and 
Wu method. 


Summary. The following determinations 
have been done on freshly caught fasting speci- 
mens of Anolis carolinensis: red cell count, 
hematocrit, O2 capacity, blood glucose, blood 
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TABLE III. Composition of Anolis Ash, 


Wetwt Drywt Ash wt Na K Ca Mg Cl 
Sex ( ¢ a : mg ~ 
é 3.50: 1.32 75 3.35 5.87 58.3 1.34 3.85 
é 3.26 99 135 2586.) -5.23, 43.2 V10-. 2:73 
é 3.02 90 132 2.28 | 5.08) 945.6 1.-19' 93230 
3 3.71 1.26 173 2339-628.) 57.9-°) 130° 4:20 
fe) 3.22 153 280s 9.60. 7 Leo. We 


51.6 


and urine urea, ammonia, uric acid, Cl, Na, 
K, pH, CO:; blood and plasma proteins; 
urine creatinine, and Na, K, Ca, Mg and Cl 
of the ashed animal. 
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Effects of Liver Injury and Nephrectomy on the Anticonvulsant Activity 


of Phenacemide.*t 


(19749) 


LAWRENCE C. WEAVER, Ewart A. SWINYARD, AND Louis S. GoopMAN. 


From the Departments of Pharmacology, University of Utah College of Pharmacy and College 
of Medicine, Salt Lake City, Utah. 


Although phenacemide (phenacetylurea; 
Phenurone) is one of the most useful agents 
for the treatment of psychomotor epilepsy, 
comparatively little is known concerning the 
fate and the excretion of this agent in animals 
or man. In a brief report on the pharmacol- 
ogy of Phenurone, Everett(1) mentioned ex- 
periments in which the duration of anticon- 
vulsant action remained unchanged in bi- 


= 


* This investigation was supported by research 
grants from the National Institutes of Health, Public 
Health Service, and the University of Utah Research 
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t Phenacemide was kindly supplied by Dr. R. K. 
Richards, Abbott Laboratories. 


laterally nephrectomized mice, but was sig- 
nificantly prolonged by carbon tetrachloride- 
induced liver damage and hepatectomy. We 
are aware of no published information con- 
cerning the fate and excretion of Phenurone in 
man. 

We have reported(2,3) the results of ex- 
periments in which biological methods were 
used to measure the effect of liver injury and 
nephrectomy on the potency and the duration 
of anticonvulsant action of clinically employed 
hydantoins and oxazolidine-2,4-diones. We 
have now applied the same biological methods 
in the study of Phenurone. It was anticipated 
that the results would contribute information 


Liver INjJuRY, NEPHRECTOMY ON AcTIvITyY PHENACEMIDE 745 


on the relative importance of the liver and the 
kidney for the fate and the excretion of this 


compound, as interpreted from the alterations — 


in potency and duration of action induced by 
the experimental conditions employed. 

Methods. Adult male albino rats obtained 
from the Sprague-Dawley or Holtzman- 
Rolfsmeyer farms were used as experimental 
animals. They were maintained on an ade- 
quate diet and allowed free access to food and 
water except during experimental testing. 
Because of its insolubility, Phenurone was 
given orally as a 0.5 or 1.0% suspension in a 
10% acacia solution. Anticonvulsant potency, 
as measured by the maximal electroshock seiz- 
ure test, was determined in normal, nephrecto- 
mized and liver-injured rats at 3, 6 and 12 
hours after administration of the drug. The 
details of the maximal electroshock seizure test 
have been described elsewhere(4). Briefly, 
it consists in determining the dose of a drug 
which abolishes the hindleg tonic extensor 
component of the maximal electroshock seizure 
pattern in 50% of animals. The ED; s were 
calculated by the method of Litchfield and 
Wilcoxon(5). From 14 to 72 animals were 
used for the determination of each EDs». 
Liver injury was induced by a single sub- 
cutaneous injection of 2 ml/kg of a 50% 
(w/v) solution of carbon tetrachloride in 
peanut oil, and the drug was administered 36 
to 48 hours later. Histological studies of liver 
sections taken from rats subjected to such 
carbon tetrachloride treatment showed that 
moderate to severe liver damage was consist- 
ently produced. Nephrectomy was performed 
under ether anesthesia at such a time interval 
before drug administration that 12 hours al- 
ways elapsed between time of operation and 
time of electroshock test; in this manner, the 
effect of accumulated metabolic products was 
kept relatively constant. All animals (normal, 
nephrectomized and liver-injured) were pre- 
viously examined for their ability to exhibit a 
maximal electroshock seizure pattern. In all 
instances they were found able to respond 
with a normal pattern; thus nephrectomy and 
liver injury per se did not alter the response 
to electroshock. Therefore, any changes ob- 
served could reasonably be attributed to 
Phenurone. 
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FIG. 1. Effect of carbon tetrachloride-induced 


liver injury and of nephrectomy on anticonvulsant 
potency of phenacemide. Anticonvulsant doses are 
expressed in mg/kg along the ordinate and the 
time intervals at which tests were made after drug 
administration are shown on the abscissa, The sig- 
nificance of the various vertical bars is indicated 
by the legend in the figure. The 95% confidence 
limits are shown by the bracketed vertical lines. 
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ANTICONVULSANT ACTION OF PHENACEMIDE 
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FIG. 2. Effect of liver injury and nephrectomy on 
duration of anticonvulsant action of phenacemide. 
See text for explanation. 


Results. The effects of nephrectomy and of 
liver injury on the anticonvulsant potency of 
Phenurone are shown in Fig. 1. It may be 
seen from Fig. 1 that liver injury tends to re- 
duce significantly the dose of Phenurone re- 
quired to modify the maximal electroshock 
seizure pattern in 50% of rats at all 3 time 
intervals studied. For example, a dose of 115 
mg/kg of Phenurone was required to protect 
50% of normal rats at the 12-hour interval, 
as compared with a dose of only 34 mg/kg in 
rats with damaged livers [potency ratio with 
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95% confidence limits = 3.4 (2.2 to 5.2)]. 
In contrast, bilateral nephrectomy has no 
statistically significant effect on the anticon- 
vulsant potency of Phenurone. With regard 
to duration of action, pertinent informa- 
tion was obtained by plotting the EDs0s 
against time, as shown in Fig. 2. In a recent 
publication(2) duration of anticonvulsant ac- 
tion was calculated indirectly rather than by 
the direct graphic method employed herein. 
The 2 methods give essentially the same re- 
sults but the graphic technic is easier and 
more readily comprehended. In Fig. 2 the 
smooth curves which join the observed values 
were fitted by eye. A horizontal line was 
drawn to intercept the ordinate at the 34 
mg/kg dose level. Where this line crosses the 
dose-time curves, perpendicular lines were 
drawn to the abscissa. From an inspection of 
this plot of the data, it can be seen that a 
dose of 34 mg/kg of Phenurone protects at the 
50% level for less than 5 hours in normal rats 
and for slightly over 414 hours in nephrecto- 
mized animals. In sharp contrast, the same 
dose of Phenurone protects liver-injured rats 
for 12 hours. It is thus evident that liver in- 
jury, but not nephrectomy, significantly in- 
creases the duration of anticonvulsant action 
of Phenurone. 

Discussion. The data presented substan- 
tiate the observation of Everett(1) that car- 
bon tetrachloride-induced liver injury, but not 
nephrectomy, increases the duration of anti- 
convulsant action of Phenurone. In addition, 
carbon tetrachloride-induced liver injury sig- 
nificantly increases the anticonvulsant potency 
of Phenurone at all time intervals studied; the 
average increase in potency was approximately 
250%. In contrast, bilateral nephrectomy 
had no significant effect on the anticonvulsant 
potency or the duration of action of Phenu- 
rone. 

The fact that hepatic damage increases both 
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potency and duration of action of Phenurone 
can be interpreted to mean that the liver is 
important for the degradation of Phenurone 
into substances devoid of anticonvulsant ac- 
tivity as measured by the maximal electro- 
shock seizure test. The observation that bi- 
lateral nephrectomy neither increases anticon- 
vulsant potency nor prolongs the duration of 
action of Phenurone suggests that the kidney 
is not the principal organ for the elimination 
of this drug or any active product into which 
it may be converted. 


Summary. Phenurone was tested at various 
time intervals after administration in normal, 
liver-injured and nephrectomized rats for its 
ability to prevent the tonic extensor com- 
ponent of maximal electroshock seizures. The 
results were analyzed for the effect of liver 
injury and nephrectomy on the potency and 
the duration of anticonvulsant action of this 
compound. Liver injury significantly in- 
creased the potency and the duration of anti- 
convulsant action; on the other hand, bilateral 
nephrectomy had no significant effect on the 
anticonvulsant properties of this agent. The 
results suggest that, in the rat, the liver is the 
principal organ for the degradation of Phenu- 
rone into products devoid of anticonvulsant 
action, and that the kidney plays no important 
role in the metabolic alteration or excretion 
of this compound. 


1. Everett, G. M., Federation Proc., 1949, v8, 289. 

2. Swinyard, E. A., Weaver, L. C., and Goodman, 
L. S., J. Pharmacol. and Exp. Therap., 1952, v104, 
309. 

3. Swinyard, E. A., Schiffman, D. O., and Good- 
man, L. S., J. Pharmacol. and Exp. Therap., In press. 

4. Swinyard, E. A., J. Am. Pharm. A. (Scient. Ed.), 
1949, v38, 201. 

5. Litchfield, J. T., and Wilcoxon, F., J. Pharmacol. 
and Exper. Therap., 1949, v96, 99. 
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Morning Changes in Number of Circulating Eosinophils in Infants.* (19750) 


FRANZ HALBERG AND Ropert A. ULstRom.t 


(Introduced by Maurice B. Visscher.) 


From the Departments of Physiology and Pediatrics, University of Minnesota, Minneapolis. 


Human infants exhibit cycles in bodily 
activity of about 3, rather than of 24-hour 
duration(1,2). The daily temperature curve 
shows only slight deviations from a straight 
line during the neonatal period(3,4). The 
24-hour rhythm in the glycogen content of the 
liver of rats is absent during the first 2 weeks 
of life—a period roughly corresponding for 
man to that covered by the last months of 
intrauterine life and the first 2 months after 
birth(5). These observations suggest that sev- 
eral 24-hour periodicities which are features of 
the physiology of mammals from adolescence 
throughout senescence are absent during the 
neonatal period. Accordingly, an inquiry into 
the time of appearance of the 24-hour rhythm 
in number of eosinophils, which has been es- 
tablished for mature mice(6) and man(7), 
appeared to be of possible interest. This was 
carried out by means of endogenous eosino- 
penia tests(8) on infants of 2 age groups. 

Materials and methods. The subjects of 
this investigation were patients of the pedi- 
atric service at the University of Minnesota 
Hospitals convalescing from non-endocrine 
disease. Infants of both sexes constituted the 
2 age groups listed in Table I. Nursing of 
Group I infants was carried out unchanged on 
the morning of testing at 4-hour intervals 
starting daily at 01:30, according to the 


TABLE I. Summary of Morning Changes in Num- 
ber of Eosinophils per mm* in 2 Age Groups of 
Children. 


Mean* 


Group Chronological No.of 
v 1S: H. t Py 


No. age tests 


1 1 day to 7 mo 16 
2 Over 15 mo Alife 


* Mean % change from the 06:30 to the 09:30 
count (with the value obtained at 06:30 equal to 
100%). 


2.21 .043 
8.32 .005 


+54+24 
—39+12 


* This Greteation was supported in part by a 
Research Grant from the Division of Research 
Grants and Fellowships of the National Institutes of 
Health, U. S. Public Health Service. 

+t The assistance of Charles Stewart, M.D., is ap- 
preciated. 


routine of this hospital. The infants consti- 
tuting Group IT had breakfast at 07:30. Stim- 
ulation other than daily routine was avoided 
for all the subjects of this investigation. The 
time of day of blood sampling was kept iden- 
tical with the schedule suggested for endo- 
genous-eosinopenia tests in adults(8). Sam- 
ples of capillary blood were obtained at 06:30 
and at 09:30 of the same morning for eosino- 
phil counts by the direct chamber method. 
Certified diluting pipettes, Randolph’s dilut- 
ing fluid(9), and certified 0.2 MM deep Levy 
counting chambers with Fuchs-Rosenthal dou- 
ble ruling were employed. 

Results. The results are expressed as per 
cent change from the 06:30 to the 09:30 
count, with the value obtained at 06:30 equal 
to 100%. A considerable scatter in the morn- 
ing change in eosinophils in the infants com- 
posing the 2 groups studied is readily apparent 
from Fig. 1. However, most of the infants 
older than 15 months (Group II subjects) 
show a decrease in number of circulating 
eosinophils, a phenomenon established by 
earlier work for mature man(7). It can be 
seen from Table I that the endogenous eosino- 
penia of Group II subjects is significant below 
the 1% level (P = .005). By contrast, only 
4 out of a total of 16 tests on Group I infants 
show a decrease in number of eosinophils. 
These infants show on the average an increase 
(+ 54%; P = .043). The difference in 
mean per cent change in number of eosinophils 
from 06:30 to 09:30 for the 2 groups investi- 
gated) is, 93; == 27 (P= .001).- sts appears 
fair to infer that we deal with 2 different popu- 
lations of infants, from the point of view of 
their variations in number of eosinophils. 

Discussion. The absence of endogenous 
eosinopenia from 06:30 to 09:30 in Group I 
subjects could possibly indicate that eosinophil 
variations during early infancy lack the 24- 
hour spacing noted later in life. The data in- 
dicate that tests for endogenous eosinopenia 
which employ the 06:30 to 09:30 sampling 
schedule can be carried out from the age of 
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FIG. 1. Morning changes in number of circulating 
eosinophils in 2 groups of infants (Group 1: 


younger than 7 months; Group 2: older than 15 
months). 


15 months onward with the same results as in 
adults. Tests during the first 7 months of life 
yield predominantly positive results, 7.e., an 
increase rather than a decrease in number of 
eosinophils. 

It has been shown that endogenous eosino- 
penia in mature man is synchronized with 
initiation of daily activities(10). It is con- 
ceivable that the several alternations of the 
activity (and/or feeding) cycle within 24-hour 
periods, in infants, are associated with eosino- 
phil variations which likewise occur over 
shorter periods. The marked endogenous 
eosinopenia in Group II infants is in keeping 
with the assumption of a developed 24-hour 
rhythm in number of eosinophils in infants 
older than 15 months. In view of the paral- 
lelisms between the activity and eosinophil 
rhythms it is of further interest that the activ- 
ity rhythm of a baby, studied during the first 
15 months of its life by Mullin, showed a 


steady rise in the day to night ratio for bodily 
activity up to the 7th month(11). It may be 
also of interest that marked 24-hour period- 
icity in body temperature of infants first ap- 
pears during the second year of life, although 
an approach to a temperature rhythm can be 
discerned during the first year in that 24-hour 


-variations- gradually increase in amplitude 


(12). Finally, it is noted that the 24-hour 
rhythm in the glycogen content of the liver in 
rats develops during the 3rd week of life—a 


period roughly corresponding to that covered — 


by about the 3rd to the 9th month of human 
postnatal life(5). 

Summary. Morning changes in number of 
eosinophils were studied in 2 age groups of 
infants, in the absence of stimulation other 
than daily routine. Endogenous morning 
eosopenia, which is one of several physiological 
periodicities exhibiting 24-hour spacing in 
maturity, is not revealed in early infancy by 
tests employing the 06:30-09:30 sampling. 
By contrast, most infants older than 15 
months show a marked decrease in number of 
eosinophils from 06:30 to 09:30 of the same 
morning. The significance of these findings is 
discussed. 


1. Szymanski, J. S., Arch. f. d. ges. Physiologie, 
1918, v172, 424. 

2. Marquis, D. P., J. Exp. Psychology, 1941, v29, 
263. 

3. Jundell, J., Jahrb. f. Kinderh., 1904, v59, 521. 

4. Gofferje, F., Jahrb. f. Kinderh., 1908, v68, 131. 

5. Seckel, H. P. G., and Kato, K., Arch. Path., 
1938, v25, 347. 

6. Halberg, F., and Visscher, M. B., Proc. Soc. 
Exe. Brot. AND Mep., 1950, v75, 846. 

7. Halberg, F.. Visscher, M. B., Flink, E. Bs 
Berge, K., and Bock, F., J. Lancet, 1951, v71, 312. 

8. Halberg, F., Cohen, S. L., and Flink, E. B., 
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9/Randolph, T. C., J. Allergy, 1944, v15, 89. 
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Studies on Copper Metabolism. V. Storage of Iron in Liver of Copper- 


Deficient Rats.* 


(19751) 


M. S. CuAsz,t C. J. GuBLER, G. E. CarTwricHT, AND M. M. WINTROBE. 
From the Department of Medicine, University of Utah College of Medicine, Salt Lake City, Utah. 


It has been demonstrated in previous studies 
in this laboratory(1,2) that swine depleted of 
copper develop an anemia which is morpho- 
logically indistinguishable from  iron-defici- 
ency anemia and which is accompanied by 
hypoferremia and an increase in the iron- 
binding capacity of the plasma. Evidence 
has been presented that in such animals there 
is 1) impaired ability to absorb iron from the 
gastro-intestinal tract; 2) incomplete mobi- 
lization of iron from the tissues; and 3) an 
inability to utilize parenterally administered 
iron for hemoglobin synthesis even when it 
is presented to the bone marrow in normal 
quantities. The fact that copper influences 
iron metabolism in such diverse sites as the 
mucosal cell, the liver, and the bone marrow, 
suggests that this element may, in some basic 
manner, be concerned wherever and when- 
ever iron moves. Since ferritin has been 
shown to be present in the mucosal cell, the 
liver and the bone marrow(3) it seems plausi- 
ble that copper may be concerned with the 
turnover of iron through ferritin. 

In a previous study in swine(2) the iron in 
the livers and spleens of control, copper-defi- 
cient and iron-deficient pigs, and copper-de- 
ficient pigs given 200 mg of iron intravenously, 
was fractionated into the saline-soluble and 
the saline-insoluble portions. It has been 
shown by others(3-5) that the saline-soluble 
fraction contains most of the ferritin and that 
hemosiderin iron can be extracted with dilute 
hydrochloric acid from the residue remaining 
after saline extraction. The results of this 
preliminary study suggested that after the 
intravenous injection of iron into copper-de- 
ficient swine there was a tendency to store 
more iron as “hemosiderin”’ and less as “‘fer- 
ritin” as G@umpared with control animals with 


* Aided by a grant from the U. S. Atomic Energy 
Commission, Contract No. AT (11-1)-82. 

+ A.E.C. Post-doctoral Fellow in the Medical 
Sciences (1949-1952). 


approximately the same concentration of total 
iron in the livers. However, the results of this 
study were inconclusive. 


The purpose of the present report is to 
present studies on the rate of uptake of par- 
enterally administered radioactive iron into 
the saline-soluble (presumably ferritin) and 
saline-insoluble (presumably hemosiderin) 
fractions of the livers of control and of copper- 
deficient albino rats. 


Methods. A total of 81 male weanling rats 
of the Sprague-Dawley strain were used. All 
of the rats were fed a diet of commercial 
canned milk diluted 1:1 with distilled water? 
supplemented with one mg of iron’ as ferrous 
chloride 3 times a week. A control group of 
27 rats received, in addition, 0.1 mg of copper/ 
rat as copper sulfate 3 times a week. These 
supplements were offered in a small quantity 
of milk in the morning to insure their com- 
plete ingestion. The amount of diet fed the 
control rats was restricted to the amount eaten 
by the deficient rats. 

Two groups of copper-deficient rats were 
studied. When the mean hemoglobin level had 
decreased to 11.5 g %, the rats in the first 
copper-deficient group were given one ml of an 
iron solution buffered with 3% sodium citrate 
containing 0.04 ye of Feil activity and 
200 ug of total iron by the subcutaneous route.. 
At the same time the control animals were 
given the same amount of radioiron. The ani- 
mals in the second copper-deficient group were 
allowed to continue on the low-copper diet 


until the mean hemoglobin level reached 


9.0g %. At this time, the animals were given 
isotopic iron in the same amount as above. 
One-third of each group of rats was anes- 


+ Containing 0.05 to 0.09 mg of copper /liter by 
analysis after dilution. 

§ Carbonyl iron powder, grade RX, obtained from 
Antara Products, General Aniline and Film Corp. 

|| Obtained on allocation from the U. S. Atomic 
Energy Commission. 
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TABLE I. Partition of Subcutaneously Injected Radioiron Between Saline-Soluble (Ferritin) 
and Saline-Insoluble (Hemosiderin) Fractions of Liver from Control and Copper-Deficient Rats. 
Results expressed in yg of iron per total liver fraction + the S.H. (standard error) of the mean. 


No. of y———Time after inj, hr, 

Group rats Fraction 8 24 48 
Ce 97 { Saline-soluble  50+2.8 4342 42 4 4.7 
7 { Saline-insoluble 9+ 6 104+ 38 16413 
eae § Saline-soluble 82 2.0 6-32 ae 2 33 + 2.7 
Copper-deficient T aT”) SalineAnsolubles 0-8 eo. eee eee 
; F ,~ § Saline-soluble 52 + 7.2 46 + 6.1 49 + 8.3 
Copper-deficiont IT "28 "> Saline insoliblest.¢ Oe 4 Vee ee 


thetized with ether and sacrificed by hemor- 
rhaging at 8, 24 and 48 hours after the injec- 
tion of iron. The livers were removed, blot- 
ted free of blood with gauze and weighed. The 
whole livers were then homogenized in a 
Waring blendor for 2% minutes with suffi- 
cient 0.9% saline to make a total volume of 
50 ml. A 15 ml aliquot was pipetted into 2 
small (10 mm) test tubes and centrifuged at 
2200 x g for one half hour. The supernatant 
fluids from both tubes were transferred to a 
100 ml pyrex centrifuge tube. The insoluble 
residues were mixed with approximately 15 
ml of 0.9% saline and transferred to one small 
test tube and centrifuged. The supernatant 
fluid was added to the first 2 supernates in 
the 100 ml centrifuge tube. The combined 
supernatant solutions were heated at 75°C for 
15 minutes. The precipitated hemoglobin 
was removed by centrifugation and discarded. 
The supernatant solution was transferred to 
a second 100 ml centrifuge tube containing 10 
to 15 ml of 0.9% saline and heated for 20 
minutes in a boiling water bath. The precipi- 
tate, representing the saline-soluble or “fer- 
ritin” fraction was then separated by centrifu- 
gation, resuspended in saline, transferred to 
a 10 mm test tube, and recentrifuged. 

The radioactivity in the saline-soluble frac- 
tion and in the original saline-insoluble residue 
was measured in a vial sample scintillation 
counter as described previously(6). A stand- 
ard containing 10% of the injected amount of 
radioiron was counted along with each group 
of samples. By comparison of the radio- 
activity in the liver fractions with the stand- 
ard, the iron represented by the total counts 
was calculated. 


Results and discussion. The results are 


presented in Table I. Although the same total 
amount of iron did not reach the liver in all 
3 groups, in all groups 80 to 85% of the 
radioiron taken up by the liver was found in 
the saline-soluble (ferritin) fraction within 
8 hours. Fifteen to 20% of the iron reaching 
the liver was present in the saline-insoluble 
(hemosiderin) fraction. No significant dif- 
ference, either in the partition of the iron after 
2 days or in the rate of uptake of the iron into 
the 2 fractions was observed between the con- 
trol and the copper-deficient animals. Like- 
wise no significant differences were observed 
between the more severely (Group IL) copper- 
deficient and the less severely (Group I) 
copper-deficient rats. 

Since no studies were made on the efficiency 
of the method used in separating ferritin from 
hemosiderin and since these compounds were 
not identified other than on the basis of 
solubility, it cannot be stated conclusively 
that the rate of ferritin synthesis was un- 
altered. However, the results suggest that 
the derangement in iron metabolism in copper- 
deficient rats is not a consequence of an ab- 
normality in the manner of storage of iron 
in the liver. 

Summary. No alteration from the normal 
in the uptake of parenterally administered 
radioiron into the saline-soluble and saline- 
insoluble fractions of liver iron was observed 
in copper-deficient albino rats. 


1. Lahey, M. E., Gubler, ‘C. J., Chase, M. S., 
Cartwright, G. E., and Wintrobe, M. M., in press. 

2. Gubler, C. J., Lahey, M. E., Chase, M. S., 
Cartwright, G. E., and Wintrobe, M. M., in oppress. 

3. Granick, S., Chem. Rev., 1946, v38, 379. 

4. Cook, S. F., J. Biol. Chem., 1929, v82, 595. 
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From the Ziskind Research Laboratories, New England Center Hospital, and the Department of 
Medicine, Tufts College Medical School, Boston, Mass. 


Several lines of investigation have indicated 
the lipids of human serum and plasma to be 
associated with proteins. Analysis of electro- 
phoretically separated protein fractions of 
serum has revealed the presence of lipid in 
all(1), the highest concentration being in the 
B-globulin fraction(1-4). Nearly all the 
plasma cholesterol and phospholipid may be 
recovered in Cohn fractions IIo, IV, V, and 
V1I(5) and in pooled plasma an a and a B 
lipoprotein have been described, the latter 
containing 75% of the total plasma choles- 
terol(6). A large number of lipoprotein 
classes has been disclosed by ultracentrifuga- 
tion of plasma(7). 

Microelectrophoresis of proteins on filter 
paper(8) has proved to be a useful method 
for the separation and study of serum pro- 
teins(8-11). In the present study histochem- 
ical and other procedures applicable to the 
detection and characterization of lipids in tis- 
sue sections have been applied to paper strips 
on which electrophoresis of human serum 
samples had been performed and the lipid and 
protein patterns were compared. A_ brief 
communication describing a similar approach 
to the study of blood lipoproteins has recently 
been published(12). 

Methods. ‘he procedure used for electro- 
phoresis was, with minor modifications, that 
described by Durrum(8). The sera studied 
were obtained from 74 individuals and _ in- 
cluded both normal subjects and hospitalized 
patients seffering from various disorders. The 
serum sample (0.1-0.2 cc) was applied trans- 
versely as a band approximately 1 cm wide 
across a 42 x 11 cm piece of Whatman 3 MM 
paper and the paper adjacent to the band was 
then quickly moistened with sodium barbital 


buffer (0.025 M, pH 8.6). The paper was 
then placed in a lucite-covered glass aquarium 
so that the middle of the paper rested on a 
silicone-coated glass rod traversing the aqua- 
rium 20 cm above its floor and the ends (6 cm 
apart) dipped into buffer-containing electrode 
vessels in which were also immersed platinum 
electrodes connected, via mercury-filled glass 
tubes, to lead wires from the power supply. 
The paper on either side of the serum line was 
then drenched thoroughly with buffer and 
voltage applied. The line of application of 
the serum was generally 4.5 cm from the apex 
on the cathode side; in this position the y 
globulins moved very little, their migration 
toward the anode being very nearly balanced 
by the electro-osmotic flow of liquid toward 
the cathode. If the line of origin was more 
toward the cathode there was a greater rate of 
movement of all bands toward the anode but 
without greater resolution, while if the place- 
ment were more toward the anode the com- 
ponents of least mobility moved toward the 
cathode. Three hundred volts, providing a 
current of 0.4 milliampere per cm of width, 
applied for 5 hours moved the front of the 
fastest band approximately 15 cm from the 
origin. The paper was then air-dried in a 
hood, heated for 10 minutes in an oven at 
100°C, and, after removal of the outer 0.5 cm 
on each side, was cut into parallel longitudinal 
strips 1-2 cm wide to be stained separately. 
Proteins were stained according to Durrum’s 
method(8) by immersion of a strip in alco- 
holic bromphenol blue solution saturated with 
mercuric chloride and subsequent washing in 
water. For demonstrating lipids another pa- 
per strip was immersed in a saturated solution 
of Sudan IV in 40% ethanol, 50% glycerol 
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and 10% water; this was prepared (except for 
the use of Sudan IV instead of III) according 
to the method of Rossman(13), by mixing 
equal volumes of glycerol and a saturated 
solution of the dye in 80% ethanol, and filter- 
ing. Papers were allowed to remain in this 
solution for approximately 16 hours at room 
temperature, and then were washed thoroughly 
in water and dried. The areas containing 
lipid were stained red, standing out against a 
faintly pink background; the latter was prob- 
ably not caused by lipid originally in the 
paper since prolonged extraction of blank 
paper with petroleum ether prior to staining 
decreased it only slightly. The Sudan stain 
described gave better results than Sudan IV 
solution in 70% ethanol, 35% ethanol-50% 
acetone, and Sudan II in isopropanol (60%). 
Exposure of paper to osmium tetroxide vapors 
was also unsatisfactory as a method for fat 
demonstration, the method lacking sensitivity 
and specificity. The Schultz test(14), em- 
bodying the Lieberman-Burchard reaction, 
was modified for use under these conditions, 
as a means for demonstrating cholesterol in 
the paper. A paper strip was soaked in 
aqueous 20% ferric chloride solution for 15 
minutes(15), washed thoroughly in water, 
rinsed in 2 N hydrochloric acid, and again in 
water, and dried in the oven. The paper was 
then laid on a glass plate over a white back- 
ground, a solution of 1:1 glacial acetic-con- 
centrated sulfuric acid applied with a pipette, 
and another glass plate was quickly superim- 
posed; the presence of cholesterol was indi- 
cated by a greenish or black color developing 
after 10-20 minutes, well before the paper 
began to disintegrate in the strongly acid re- 
agent (in about one hour). Pretreatment of 
the strip with the ferric chloride solution 
seemed to give better results than immersion 
in aqueous hydrogen peroxide or iodic acid. 
A spray of antimony pentachloride in chloro- 
form(16) was also used as a cholesterol re- 
agent in some instances, but the instability 
and non-specificity of this reagent made it less 
useful. 

The relative quantities of protein and of 
sudanophilic lipid in different zones of the 
electrophoretograms were estimated by a 
densitometric procedure. The papers stained 
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with bromphenol blue and Sudan IV, after 
drying, were rendered more translucent by 
applying Krylon Clarifier* with a cloth to one 
surface of the paper, and then a plastic coat- 
ing was applied to both surfaces (Krylon 
Plastic Spray).* The strip thus prepared was 
passed through the horizontal slit in front of 
the photocell’ at the bottom of the cuvette 
well of the Coleman Junior Spectrophotometer. 
A metal plate contiguous with the paper and 
interposed between it and the light source, and 
provided with a 0.5 cm square aperture per- 
mitted the light beam to pass through an 
equal area of the paper strip, which was 
moved manually, in 0.5 cm steps, in a vertical 
direction, the optical density at each point be- 
ing recorded. For the bromphenol blue papers 
a wave length of 630 » was used, and for the 
Sudan-stained papers 540 ». The photocell 
sensitivity was adequate at 630 » to permit 
blank setting at O.D. of 0, but at 540 the zero 
setting was 0.200 or 0.300. 


Results. The electrophoretic protein pat- 
terns revealed 4 bands which, judged both by 
comparison with published figures of paper 
electrophoretic protein patterns(8,10,11) and 
by relative mobility and apparent quantity, 
corresponded in order of increasing mobility 
to the y, 8, a2 globulins and albumin of free 
electrophoresis. A discrete band correspond- 
ing to a; globulin was not observed. It is not 
clear whether this was attributable to poor 
resolution or to a failure to demonstrate small 
quantities of this protein by the dye technic 
used. Evidence in favor of the latter possi- 
bility was provided by radioautographs of 
paper strips on which electrophoresis had been 
performed of serum from a hyperthyroid pa- 
tient who had received a therapeutic dose of 
I'8" several days earlier and of normal serum 
to which labelled thyroxine had been added; 
in both instances the main radioactive zone 
was found between the a2 globulin and albu- 
min, confirming the observation of Gordon 
and associates(17), who identified this area 
as corresponding to a; globulin. On the other 
hand, the mobility on paper of a specimen of 
a1 glycoprotein(18)t was the same as that of 


* Manufactured by Krylon, Inc., 2601 N. Broad 
St., Philadelphia, Pa. 
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FIG. 1. Electrophoretic pattern of serum of fasting 30-year-old female subject. Optical 
density is plotted against distance along the paper. The cross-hatched area represents the line 
of application of the serum. In this and the other figures, solid circles, unbroken line represent 
protein (bromphenol blue); open circles, broken line, lipid (Sudan). The curve x Sas 
the Sudan pattern of a parallel strip of paper extracted with alcohol-ether (3:1) after electro- 
phoresis and prior to staining, and shows nearly complete removal of lipid. 
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FIG. 2. Electrophoretic pattern of serum from patient with nephrosis and hypercholesterolemia. 

The figure illustrates the striking decrease in the albumin and + globulin peaks and the large, 

fused a and g globulin zone, as well as the great increase in lipid as compared with the serum 
— of Fig. 1. 


albumin, and a mixture of these 2 proteins was not resolved, nor did addition of the glyco- 
Z protein to serum cause an increased quantity 
$s +A specimen was generously supplied by Dr. Of dye to be retained between ay globulin and 
D. M. Surgenor, Harvard Medical School. albumin. 
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The papers stained with the Sudan dye gen- 
erally presented 2 distinct red zones, the more 
prominent: corresponding to the #-globulin 
region and the less intense area to the albumin 
(Fig. 1). A faint pink trail from the line of 
application of the serum to the major peak 
was frequently noted. In some subjects with 
alimentary lipemia a distinct lipid band was 


present at the origin; this was not associated ~ 


with the y globulins which occupied nearly the 
same position, since placing the serum sample 
closer to the anode resulted in migration of 
the y globulins toward the cathode while the 
lipid zone remained at the line of application. 
This would suggest that this lipid was unasso- 
ciated with protein. In most serum specimens 
studied the peak of the main sudanophilic zone 
was at or close behind that of the B-globulin 
peak; in 5 subjects the pattern was different, 
the major Sudan-staining zone extending well 
beyond the 8-globulin and almost reaching the 
a2 globulin region. 

The Schultz reaction on the papers paral- 
leled, in general, the Sudan-stained papers, the 
major cholesterol band being in the B-globulin 
region, with a band occasionally visible at the 
line of application, and a light trail to the 
B-globulin zone. The intensity of the darken- 
ing produced by the acetic acid-sulfuric acid 
mixture paralleled the concentration of choles- 
terol in the serum, very dense black bands be- 
ing noted in 3 nephrotic sera. In some in- 
stances a rather faint darkening in the Schultz 
test was observed at the albumin area cor- 
responding to the more rapidly moving of the 
2 sudanophilic zones, but in many cases it was 
difficult to be certain of a characteristic color 
change because of the persistence, even after 
washing, of a faint brownish color in this re- 
gion after treatment with ferric chloride. It 
appeared that a greater proportion of the 
Schultz-reacting material on the electro- 
phoretogram was in the 8-globulin zone, as 
compared with Sudan-staining material. 

No satisfactory histochemical procedure for 
the direct demonstration of phospholipids was 
devised. ‘The Baker-Smith-Dietrich method 
(19) applied to the paper strips stained all 4 
protein zones in proportion to the amount of 
protein in these areas. An indication of the 
position of phospholipid on the papers was 
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obtained from the electrophoretogram of 
serum from a patient who had received a 
therapeutic dose of P®? 3 weeks previously.? 
Radioautographs were made of (a) the orig- 
inal strip, (b) a parallel strip after soaking 
in 5% trichloroacetic acid, and (c) a strip 
extracted with alcohol:ether (3:1). Radio- 
activity was present at the @-globulin and 
albumin areas and at the origin of (a) and of 
(b), but not (c). This result suggested the 
presence in these areas of phosphorus-contain- 
ing substances precipitable with trichloroacetic 
acid and soluble in fat solvents. Experiments 
on other sera confirmed this finding. When, 
prior to Sudan staining, strips were boiled 
under a reflux for 2 hours in acetone saturated 
with magnesium chloride, in which phospho- 
lipids are relatively insoluble, the intensity of. 
the stain in the 8-globulin zone was consider- 
ably reduced as compared with unextracted 
strips, while there was little or no decrease in 
the sudanophilic lipid at the albumin region. 
Extraction of the strip with 3:1 alcohol:ether 
removed virtually all Sudan-staining lipid 
from both zones, and produced little change 
in the protein pattern. These findings, to- 
gether with those in the Schultz test, suggest 
that there is relatively more cholesterol and 
less phospholipid in the 6-globulin area as 
compared with the albumin zone, in agreement 
with chemically determined cholesterol-phos- 
pholipid ratios in the 8 and a lipoproteins 
(5,20). : 
The administration of small quantities of 
heparin is known to induce clearing of the 
plasma in alimentary lipemia(21) and marked 
changes in the ultracentrifugal lipoprotein 
patterns(22). It was of interest to observe 
that heparin also produced a change in the 
location and character of the lipid zones of the 
electrophoretogram, as shown by both the 
Sudan stain and Schultz test. The major lipid 
band presented a more diffuse appearance and 
extended further in the anodal direction, so 
that its peak, which in the pre-heparin speci- 
men had been at, or slightly behind, the 
8-globulin peak, was nearly at the a2 globulin. 
A similar shift toward the anode was some- 
times seen in the smaller lipid band associated 


¢ This serum specimen was kindly provided by Dr. 
J. F. Ross, Boston University School of Medicine. 
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with the albumin. The effect was apparent 
within 15-30 minutes after the intravenous ad- 
ministration of 8 mg sodium heparin, and was 
observed in the serum of 6 out of 8 fasting 
subjects and of all 6 of those with alimentary 
lipemia (Fig. 3). The addition of sodium 
heparin to serum in vitro to a final concentra- 
tion of 0.1-0.2 mg/cc resulted in changes of a 
similar nature in the electrophoretic lipid pat- 
tern in 6 of the 7 sera so treated; although no 
clearing of lipemia occurred under these cir- 
cumstances. In contrast to the marked effect 
of heparin on the lipid pattern, little change 
was noted in the protein pattern as demon- 
strated by bromphenol blue. 

Summary. Serum was subjected to electro- 
phoresis on filter paper and the distribution 
of lipid studied by application to the paper 
strips of Sudan stains, the Schultz test, and 
other histochemical procedures. Two princi- 
pal lipid bands, probably corresponding to B 
and a lipoproteins, were recognized, the larger 
being in the 8-globulin region, and the smaller 
in the albumin zone. In some cases lipid 
apparently associated with little protein was 
also found at the point of application of the 
serum. The administration of heparin to 
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8 10 12 14 16 
Distance along paper (cm) 
FIG. 3. Electrophoretic patterns of protein and sudanophilic lipid in serum of a male adult 
before (upper figure), and 35 minutes after (lower figure) the intravenous injection of 8 mg 
sodium heparin. The subject had ingested 250 ce of heavy cream, 3 hr prior to the time the 
first blood sample was drawn. ~ 


human subjects, or its addition to serum, 
rapidly produced a change in the distribution 
of sudanophilic and Schultz-reacting lipid. 


The author is indebted to Drs. E. B. Astwood and 
Samuel Proger for helpful suggestions and generous 
support, and to Dr. C. J. O. R. Morris for advice 
on the construction of the apparatus. 
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(Introduced by Charles G. Wilber.) 


From the Biological Laboratory, Fordham University, New York* 


In the past most of the studies on muscle 
have been done in an attempt to learn more 
about the enzymes involved in the important 
carbohydrate energy cycle. Consequently, 
little is known about the proteolytic enzymes 
in muscle. 


The following investigation was undertaken 
in an attempt to identify some of the pro- 
teolytic enzymes and localize them in muscle 
protein fractions. 


Materials and methods. Muscles from the 
legs of 10 specimens of frog, Rana pipiens, 
were removed and placed in a mixture of ice 
and water (0 to 2°C) to inhibit bacterial 
growth and autodigestion. As much connec- 
tive tissue and as many blood vessels as 
possible were excluded. , 


These muscles were then used as a source 
of muscle protein fractions. Myosin was ex- 
tracted according to the method of Green- 
stein and Edsall(1). The procedure of Bara- 
nowski(2) was adapted for the extraction of 
myogen. The procedures outlined by Bate- 
Smith(3) and Meyer and Weber(4) yielded 
protein fractions rich in myoalbumin and 
globulin x, respectively. 

A modified method of Anson(5) was em- 
ployed to obtain some quantitative data con- 
cerning the proteolytic enzymes pepsin, tryp- 


* Present address, Biological Laboratories, Catho- 
lic University of America, Washington, D.C. 


sin, and cathepsin. Because absolute values 
could not be ascertained, the amount of pro- 
teolytic digestion by increasing quantities of 
muscle protein during a 10 minute period, 
was compared with that by standard solutions 
of pepsin, trypsin, and tyrosine. Standard 
tyrosine solutions were prepared for compari- 
son with cathepsin because cathepsin is not 
available commercially. 

Results. Very few, small crystals of myogen 
appeared. They were too small and few in 
number to separate from the myoalbumin. 
For that reason and because myogen cannot 
be extracted from myoalbumin in the native 
state(3), the myogen and myoalbumin frac- 
tions were analyzed together. When pre- 
liminary investigations revealed that no pro- 
teolytic activity was present in the globulin 
x fraction, analyses were made only on myosin 
and myosin-free fractions. 

‘Cathepsin and pepsin were localized in the 
myosin fraction and trypsin in the myosin- 
free fraction. No enzyme appeared in both the 
myosin and myosin-free fractions. 

Fig. 1 shows curves resulting from diges- 
tion of hemoglobin by increasing quantities of 
muscle protein fractions and of standard 
enzyme solutions during a 10 minute period. 
The curves of digestion by muscle proteins 
are almost parallel to each other. 

Maximum digestion by trypsin in the myo- 
sin-free fraction occurred after 6 cc of myosin- 
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FIG. 1. Amount of digestion by increasing quantities of muscle protein-enzymes during a 10 
minute period. 
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free solution were added. The total colori- 
metric change produced (from 52% to 60% 
light reflected) was comparable to a change 
produced by increasing the concentration of 
standard trypsin solution from 0.0004% to 
0.0009%. Maximum digestion by pepsin oc- 
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FIG. 2. Amount of digestion by 1 ce of muscle protein-enzymes during varied time intervals. 


curred after 5 cc of myosin solution were 
added. The total colorimetric change (from 
55% to 61% light reflected) was comparable 
to a change produced by increasing the con- 
centration of a standard pepsin solution from 
0.05% to 0.075%. There was a straight line 
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increase in the amount of catheptic digestion 
by increasing quantities of myosin solution. 
The overall colorimetric change due to cathep- 
sin digestion (from 40% to 50% light ab- 
sorbed) was comparable to an increase in con- 
centration of a standard tyrosine solution 
from 0.0025% to 0.005%. A leveling off 
phase, indicative of equilibrium, was recorded 
with myosin-pepsin and myosin-free trypsin 
solution, but not with myosin-cathepsin solu- 
tions. 


Curves showing the amount of digestion by 
proteolytic enzymes in 1 cc of muscle protein 
solution during different time intervals, are 
shown in Fig. 2. In all instances there was 
a rapid increase in the amount of digestion 
during the first 5 minutes. This was followed 
by a slower, but steady, increase in the rate 
of digestion. 


Summary. 1. An investigation was made 
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to obtain information regarding the presence 
and localization of proteolytic enzymes in 
muscle protein fractions from frog leg muscles. 
2. Pepsin and cathepsin were localized in the 
myosin fraction while trypsin was localized in 
the myosin-free fraction. No proteolytic ac- 
tivity was displayed by the myoalbumin frac- 
tion. 3. The myogen content of the frog 
muscles is considerably lower than that re- 
ported for mammals. 
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Effect of Sodium Monofluoroacetate on Multiplication of Eastern Equine 


Encephalomyelitis Virus.* 


(19754) 


T. WatANaBE,t R. D. HIGGINBOTHAM, AND L. P. GEBHARDT. 
From the Department of Bacteriology, University of Utah College of Medicine, Salt Lake City, Utah. 


Sodium monofluoroacetate has been shown 
to affect the citrate metabolism of tissues from 
animals treated with this compound. Potter 
(1) has found that the citrate level of rat brain 
after treatment of the animal with this drug 
was approximately 6 times that of normal. 
Tricarboxylic acid fractions isolated from tis- 
sues of fluoroacetate-treated animals(2) have 
shown the presence of a fluorine-containing 
compound (‘inhibitor fraction”) that would 
inhibit the oxidation of citrate. Recently it 
has been found(3) that aconitase activity is 
inhibited by this “inhibitor fraction”. The 
inhibitory effect is thought to be produced by 
a fluorine-containing compound other than 
fluoroacetate and which has been shown to be 
chromatographically inseparable from the tri- 


* Aided by a grant from the United States Atomic 
Energy Commission. 

t Post Doctoral Fellow, Institute of International 
Education. 


carboxylic acid preparations. It has been sug- 
gested that the inhibitory substance is fluoro- 
citrates(4). 

Ackermann(5) has found that fluoroacetate 
will cause an initial depression in the rate of 
influenza virus production in experimentally 
infected mouse lung. However, the virus con- 
centration in the treated lung tissue was found 
to be similar to that of the non-treated lung 
tissue at a later period in the virus incubation 
time. 

Ainslie(6) has investigated the effect of this 
compound on the rate of virus production in 
Lansing poliomyelitis virus infected mice and 
has noted a significant delay in the virus 
growth which he was able to relate to an in- 
creased survival time of the infected animals 
treated with fluoroacetate, but the natural 
course of the infection was not otherwise 
altered. 


Materials and methods. Swiss albino mice 
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FIG. 2. Effect of sodium monofluoroacetate on the 
growth curve of virus. 


weighing 10 to 15 g (3 to 5 weeks old) were 
used throughout this work. The mice were 
matched evenly for weight and age in each 
experiment. 

The fluoroacetate} was freshly prepared for 
intraperitoneal injection by dissolving in iso- 
tonic phosphate-NaCl solution (pH 7.4). 
Mice serving as the “treated” groups were 
given 5.0 mg/kg of this compound in a volume 
of 0.15 ml one hour before virus inoculation. 
This served to eliminate any animals from the 
experiment that might die from toxic effects 
of the drug. 

Mice were infected by injection of virus 
intracerebrally, in doses of 0.03 ml, using 
Eastern @quine encephalomyelitis virus.§ Mice 
were observed for a period-of 10 days after 


t The sodium fluoroacetate was kindly supplied by 
the Monsanto Chemical Co. as a fluorine ion-free 
compound. 


infection, although symptoms of infection 
usually developed within 36 to 72 hours. 


Results. Fluoroacetate-treated and normal 
control animals were separated into groups of 
10 animals each and inoculated with varying 
dilutions of virus (Fig. 1). The per cent 
survival time was obtained by using a possible 
ten days of survival for each mouse in the 
group of 10 animals, thus arriving at the 100% 
survival time for total survival of the group. 
There was a consistent increase in the survival 
time of treated over non-treated control ani- 
mals. 


To evaluate the effect of the fluoroacetate 
on the survival time of the mice, a larger 
number of animals were inoculated with a 
dilute suspension of the virus at “zero time”, 
half of which had been previously treated with 
fluoroacetate. Five mice from both the treated 
and control groups were sacrificed at the indi- 
cated intervals (Fig. 2) and the brains re- 
moved to determine the virus titre (or con- 
tent) at the given period. The virus con- 
centration was determined by the 10-fold 
serial dilution method, employing 5 mice for 
each dilution per virus sample. The LDs9 
dose was calculated by the method of Reed 
and Muench(7). As can be seen, the fluoro- 
acetate definitely depressed the amount of 
infective virus in the treated animals during 
the initial 24-hour period, which has also been 
shown to be the time of a demonstrable effect 
of this drug on citrate metabolism in brain 
tissue(1). However, by the 36 hour period 
the virus concentrations of the 2 groups are 
comparable. 


It was deemed necessary to determine 
whether the fluoroacetate could interfere with 
the amount of virus necessary to establish an 
infection and, accordingly, titrations of a 
virus sample were carried out using a) a group 
of normal mice, and b) a group of fluoroace- 
tate-treated mice. No significant effect of 
the drug on the susceptibility of the mice rela- 
tive to virus dosage could be noted (Table I). 

The possibility of a direct virucidal action 
of the drug on the virus was investigated by 


§ This virus was kindly supplied by the Laboratory 
of the United States Public Health Service, Mont- 
gomery, Ala. 
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TABLE I. In Vivo Effect of Sodium Monofluoro- 
acetate on Susceptibility of Mice to Virus 
Infection. 


NaFlAc- 
treated Control 
group group 
Virus sample A (EEE)*  LD59 10° LD;59 10°%* 
si zu B (EEE) LD59 10° LD59 10*° 


* HEE—Eastern equine encephalomyelitis virus. 


TABLE II. In Vitro Effect of Sodium Monofluoro- 
acetate on Infectivity of Virus (Virucidal Effect). 


Virus treated with: Virus LDs59 
NaFlAe MOBS 
NaAdAc HOES # 
Control Qe 


dividing a virus sample into three parts and 
diluting them as follows: a) 1:20 to a final 
concentration of 0.001 M sodium monofluoro- 
acetate, b) 1:20 to a final concentration of 
0.001 M sodium acetate, and c) 1:20 with 
distilled water. These virus dilutions were 
then incubated at 37°C in a water bath for 
1 hour and subsequently titrated in young 
mice. No significant differences could be 
noted among the titration results from these 
three virus samples (Table II.) 

Discussion. The results presented indicate 
that the growth of Eastern equine encephalo- 
myelitis virus is inhibited by the administra- 
tion of sodium monofluoroacetate in a similar 
fashion to the inhibition of the viruses of 
influenza and Lansing poliomyelitis in mice 
by this drug. The present experiments show 
that fluoroacetate neither inactivates this 
virus upon direct contact nor alters the sus- 
ceptibility of the experimental animal to the 
virus infection. On the other hand, the ex- 
periments do indicate that the chemical pro- 
longs the course of the experimental infection. 

The current theory of virus multiplication 
is that the virus utilizes some of the enzyme 
systems of the host cell for its reduplication 
and that this process requires energy. Acker- 
mann(8) claims that for the synthesis of in- 
fluenza virus, the proper functioning of the 
Krebs cycle is essential as this cycle seems 
to offer the energy necessary for the synthesis 
of some essential component of the virus 
particle, such as nucleoprotein. As fluoroace- 
tate has been shown to inhibit the oxidation 
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of citrate and consequently to reduce the 
amount of energy to be gained from ‘the proper 
functioning of the Kreb’s cycle, Ackermann’s 
hypothesis seems to offer a reasonable expla- 
nation not only for the reduced synthesis of 
influenza virus in fluoroacetate-treated tissues, 
and for that of Lansing poliomyelitis but also 
for Eastern equine encephalomyelitis virus. 


~Doty and Gerard(9) have shown that fluoro- 


acetate will significantly depress the resting 
Qos, of excised nerve without altering the 
active Qos or spike height of the stimulated 
nerve for a period of seven hours. However, 
the possibility that changes in ‘the cellular 
metabolism (other than the blocking of energy 
sources) might produce conditions unsuitable 
for virus synthesis has not been excluded. 

As the rate of infective virus production in 
the treated tissues was lower than in the con- 
trol tissues, but not completely inhibited, it 
is suggested that the reduced production of 
virus may be due to a) a longer period of 
virus incubation per infected cell or b) a 
smaller burst size of virus per infected cell. 
As the cell population of the brain is by no 
means homogeneous, it might also be sug- 
gested that the virus-sensitive cells may differ 
in their sensitivities to fluoroacetate, thus 
limiting the efficiency of the inoculated virus 
in producing a new generation of infective 
particles. As the fluoroacetate effect de- 
creases, the efficiency of the virus should in- 
crease until the point of saturation of suscepti- 
ble cells is approached(10). 

Summary. The reduplication of Eastern 
equine encephalomyelitis virus in mouse brain 
is delayed in mice previously treated with 
sodium monofluoroacetate. This chemical 
seems to prolong the survival ‘time of the in- 
fected animals, although it does not other- 
wise alter the course of infection. In high 
concentration, the chemical has no direct 
effect in vitro on the infectivity of the virus, 
nor does it show an in vivo effect on the 
susceptibility of the host to the infection with 
this virus. 
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(Introduced by Currier McEwen.) 


From the Department of Medicine and the Study Group on Rheumatic Diseases, New York 
University College of Medicine, New York City. 


An aminoexotripeptidase which hydrolyzes 
one peptide bond of a tripeptide such as 
l-leucylglycylglycine and  diglycylglycine 
(GGG) has been demonstrated in a number 
of tissues by Ellis and Fruton(1). This 
enzyme, referred to by these authors as tri- 
peptidase, was inhibited by a number of metal 
ions and by relatively large concentrations of 
cysteine, but not appreciably by cyanide, 
sulfide or citrate ions. Although lymphoid 
cells are said to be especially rich in tripepti- 
dase(2), it is distributed in other cell types 
(3), and has been found in several micro- 
organisms(4). Stern and _ co-workers(5), 
have shown that human white blood cells 
have a high tripeptidase content, and that the 
activity of leucocytés was about 40 times 
greater than that of erythrocytes. The tri- 
peptidase activity of serum is increased in 
‘certain pathological conditions such as bone 
fracture(6), burns(7) and a number of dis- 
eases(8). It has been observed in this 
laboratory that a tripeptidase is present in 
synovial effusions of a number of arthritic 
‘diseases, and is especially rich in the synovial 
fluid of patients with rheumatoid arthritis(9). 

We have observed, in the present investiga- 
tion, that the activity of tripeptidase from 
calf thymus, rabbit skeletal muscle and human 
synovial fluid, with respect to the hydrolysis 
of GGG, is inhibited by a group of compounds 


* This investigation has been supported by a 
‘grant from the Masonic Foundation for Medical 
Research and Human, Welfare. 


possessing anti-histamine, local anesthetic and 
anti-cholinesterase activity in concentrations 
as low as 0.0001 M. 


Methods. Peptidase activity was determined 
using the titrimetric method of Grassman and 
Heyde(10). The reaction mixture contained 
0.5 or 1.0 ml of the enzyme solution, 0.5 ml 
of 0.25 M GGG, previously neutralized to 
pH 7.8, 0.1 ml of inhibitor solution neutralized 
to pH 7.8 just prior to use, and sufficient 0.02 
M veronal buffer at pH 7.8 to bring the total 
volume to 2.5 ml. The reaction was carried 
out in stoppered flasks and in a shaking water 
bath at 37.5°C. In general, reaction was 
allowed to proceed 'to 60% hydrolysis of one 
peptide bond, and 4 or 5 analyses in duplicate 
were obtained by titration of 0.2 ml samples, 
removed from the incubation mixture, with 
0.015 N KOH in 90% ethanol. The hydroly- 
sis of GGG was zero order to the extent of 
approximately 60% splitting of one peptide 
bond. Results are expressed as per cent 
hydrolysis per hour. 


Calf thymus peptidase extracts were pre- 
pared according to Fruton(2), and rabbit 
skeletal muscle extracts according to Smith 
(11). The extracts obtained were frozen and 
thawed twice to remove extraneous protein 
without diminution in total activity. When 
inhibitor compounds were added, the reaction 
was followed for a variable time given below, 
dependent on the extent of inhibition. In the 
case of benadryl and procaine, the hydrolysis 
curves were not linear because of decomposi- 
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FIG. 1. Effect of procaine on hydrolysis of GGG by calf thymus extract (N = .0714 mg/ml) ; 
uM GGG = 1250; pH =7.8, veronal buffer. Curve at 10° M procaine concentration is cor- 
rected for titration of procaine which represented 2.1 «4M, as determined on solutions at 
zero time. 


tion of these substances in the muscle extract 
during the incubation(12,13). As an approxi- 
mation, in the case of these two substances, the 
rate of hydrolysis was obtained by drawing 
a smooth curve and calculating the rate from 
the initial 60-minute portion of the curve. 

Synovial fluid was obtained by aspiration of 
knee joints of patients with rheumatoid arth- 
ritis using ethyl chloride anaesthesia. The 
fluid was promptly centrifuged at 3000 rpm 
for 20 minutes. When stored in the refriger- 
ator, tripeptidase activity of synovial fluid 
did not decrease over a period of two months. 
The inhibiting effect of the following sub- 
stances was studied: Procaine hydrochloride, 
pronestyl (procaine amide hydrochloride), 
benadryl (f-dimethylaminoethyl benzhydryl 
ether hydrochloride), pyribenzamine (N’- 
pyridyl-N’-benzyl-N-dimethylethylenediamine 
hydrochloride), cocaine hydrochloride, eserine 
salicylate, sodium salicylate, diisopropyl fluoro- 
phosphate (DFP), and _ tetraethylpyrophos- 
phate (TEPP). 

Results. The hydrolysis of GGG by calf 
thymus extract in the presence of procaine is 
shown in Fig. 1. Marked inhibition was ob- 
served in the presence of 0.001 M procaine. 
Fig. 2 presents the results of a similar experi- 
ment using the synovial fluid obtained from 
a patient with rheumatoid arthritis. It is 
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FIG. 2. Effect of procaine on hydrolysis of GGG 
by synovial fluid from a patient with rheumatoid 
arthritis (N =42 mg/ml). Curve at 10? M pro- 
caine concentration is corrected for titration of 
procaine which represented 2 uM as determined on 
solutions at zero time. 


noted that in contrast to the constant rates ob- 
served with the thymus enzyme extract, in- 
creasing rates of hydrolysis were found with 
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TABLE I. Inhibition of Rabbit Skeletal Muscle 

Tripeptidase. Concentration of GGG in incubation 

mixture .05 M; nitrogen of tripeptidase test solu- 

tion 2.79 mg/ml; final concentration of all sub- 
stances listed below was .001 M. 


% of original 


Added substance tripeptidase activity 


None 100 
Pyribenzamine 8.7 
Benadryl 25.8* 
Procaine 30.4* 
Eserine 31 
Cocaine 41 
Pronestyl 57.7 
Sodium salicylate 100 
Diisopropylfuorophosphate 100 
100 


Tetraethylpyrophosphate 


* Caleulated from initial 60 min period. 


synovial fluid, suggesting the simultaneous 
hydrolysis of procaine in synovial fluid, prob- 
ably by an independent esterase reaction(14). 

Pyribenzamine, benadryl, procaine, eserine, 
cocaine, and pronestyl were found to be effec- 
tive inhibitors of rabbit muscle tripeptidase 
as shown in Table I. DFP and TEPP, power- 
ful inhibitors of cholinesterase, did not inhibit 
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tripeptidase when present in relatively high 
concentration. 


Discussion. Ellis and Fruton(1) have pre- 
pared highly purified tripeptidase from calf 
thymus. This enzyme demonstrated marked 
specificity towards optically active tripep- 
tides, and showed little or no activity with 
respect to dipeptides, tetrapeptides, tripeptides 
containing 8-amino acids, and substrates split 
by endopeptidases. In view of this, they con- 
cluded that calf thymus tripeptidase is speci- 
fically adapted to act on peptide chains of a 
particular chain length characteristic of 
tripeptides composed of a-amino acid residues. 

It is shown in Fig. 3 that the structures of 
the substances found to be inhibitors approxi- 
mate the dimensions of the tripeptide sub- 
strate. All are tertiary amines and, like GGG, 
have a positively charged onium group at the 
pH of the reaction mixture, 7.8. The dense 
lines trace the longest chain length from the 
onium nitrogen atom, which for all substances 
is either 8 or 9 carbon atoms. It would appear, 
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therefore, that the inhibition observed is re- 
lated to similarity of inhibitor to substrate, 
both as to structure and charge. 

It has been shown that both true and 
pseudocholinesterase are inhibited by DFP 
(15). Jansen and Balls(16) suggest that the 
mode of inhibition by DFP of all esterases 
may be similar to the observed inhibition by 
this agent of both the esterolytic and pro- 
teolytic activity of @ and y chymotrypsin and 
of trypsin. Since DFP did not inhibit the 
tripeptidase of rabbit skeletal muscle (Table 
I) and in view of the apparent inability of the 
purified calf thymus tripeptidase to hydrolyze 
procaine, as indicated by the constant slope 
of the hydrolysis rate of GGG in the presence 
of procaine, it would appear that tripeptidase 
does not have esterolytic properties. 

The observation that the group of com- 
pounds studied are inhibitors of aminoexotri- 
peptidase, which is widely distributed in a 
variety of tissues, raises the question of the 
relationship between peptidase inhibition and 
the pharmacological action of these substances. 
Pyribenzamine, benadryl, procaine, cocaine, 
and eserine are local anaesthetic agents, and 
block nerve conduction(17). DFP, which did 
not inhibit tripeptidase in the present investi- 
gation, does not block nerve conduction in 
concentrations which completely inactivate 
nerve cholinesterase(18). The possibility 
arises, therefore, that peptidase inhibition may 
play a role in local anaesthetic activity. 
Whether the local effects of anihistaminic sub- 
stances such as pyribenzamine and benadryl 
in inflammatory skin disease, as contact 
dermatitis and eczema(19), are related to 
peptidase inhibition cannot at present be de- 
termined. 

Summary. A group of compounds known 
to possess antihistamine, local anaesthetic, and 
anti-cholinesterase activities were observed to 
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inhibit aminoexotripeptidase from several 
sources in concentrations as low as 0.0001 M. 
The inhibiting substances were pyribenzamine, 
benadryl, procaine, pronestyl, cocaine and 
eserine; diisopropylfluorophosphate and tetra- 
ethylpyrophosphate did not inhibit. The 
mechanism of the observed inhibition and its 


possible physiological significance is discussed. 
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Effect of Water and Electrolyte Restriction on Pathologic Changes in 


Kidney of Jaundiced Rats. 


(19756) 


Me tvin A. Brock, Kuatit G. WAKIM, AND FRANK C. Mann. 


From the Division of Experimental Medicine, Mayo Foundation, University of Minnesota, 
Rochester, Minn. 


The occurrence of reduced renal function 
(and renal injury) in the presence of hepatic 
insufficiency or jaundice has long been recog- 
nized. This present study was made in order 
1) to investigate the early pathologic changes 
in the kidney of the rat following the produc- 
tion of jaundice by occlusion of the bile duct 
and 2) to determine the influence of restricted 
intake of water and electrolytes on such 
changes. The lesions observed in the kidney 
of the rats studied were comparable to those 
associated with jaundice in man and in other 
experimental animals as described by other 
investigators(1-4). In general, restriction of 
water and electrolytes appeared to exaggerate 
the severity of the lesions. 

Methods and results. The bile duct was 
occluded in albino rats weighing 100 to 250 g. 
General anesthesia was employed for all sur- 
gical procedures. After the desired number of 
days, during which jaundice developed, the 
rats were killed, and the kidneys were removed 
and placed immediately in a 10% solution of 
formalin for fixation. Sections were stained 


with hematoxylin and eosin for microscopic 
study. 

Fourteen rats were killed and the kidneys 
were removed 2 to 11 days after complete ob- 
struction of the bile duct. In 4 of these rats 
tubular damage was observed. The kidneys of 
10 other rats were removed 4 to 11 days after 
complete obstruction of the common bile duct 
and, in addition, after the concomitant re- 
striction of water for 4 to 7 days. In 8 of 
these 10 animals tubular damage was present. 
However, the animals in this second group lost 
considerable weight and were severely de- 
hydrated. 

Grossly, the kidneys of both of these groups 
of rats were diffusely bile stained. The sur- 
faces of some of the kidneys were mottled. 
The predominant microscopic change was vac- 
uolation in the cytoplasm of the tubular cells, 
especially the proximal convoluted tubules 
(Fig. 1 and 2). In 2 rats of the series in which 
intake of water was restricted the tubular 
changes were severe and considerable necrosis 
was present. A few scattered casts were seen 
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FIG. 1. Vacuolar degeneration and necrosis of tubular cells of the kidney of the rat associated 
with jaundice and severe restriction of water (hematoxylin and eosin; X 115). 
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FIG. 2. Focal areas of vacuolar degeneration of tubular cells of the kidney of 
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the rat associated 


with jaundice and severe restriction of water (hematoxylin and eosin; X 60). 


in the tubules. A few casts resembled pig- 
mented casts and were stained orange-red. 
Scattered hyaline and granular bile-stained 
casts were present. Usually casts were a rela- 
tively inconspicuous histologic feature but a 
number of casts may have been lost during 
the preparation of the sections. A few scat- 
tered dilated tubules were also present. The 
renal changes did not appear sufficiently severe 
to disturb renal function seriously. The tub- 
ular changes usually appeared most marked in 
the cortex and were usually restricted to dis- 
crete areas of varying size. The changes were 
not predominant in any one segment of the 
nephron. The glomeruli appeared normal. In 
6 of 8 rats in which the effects on the kidney of 
severely restricted intake of water alone were 
studied, small focal areas of vacuolar degen- 
eration of tubular cells were present. 

In a series of 8 additional rats which had 
been receiving distilled water and a diet free 
of inorganic salts for 4 to 5 weeks, the bile 
duct was occluded. These rats either failed 
to gain weight or lost weight while on the diet 
but drank adequate amounts of water ad lib. 
The kidneys of all of these rats contained 
varying degrees of gross and microscopic 
changes similar to those just described. How- 
ever, in the kidneys of 2 of these animals bile- 
stained casts were prominent and the micro- 


scopic changes resembled those of hemoglobin- 
uric nephrosis (Fig. 3). The casts were lo- 
cated for the most part in the distal tubules 
and especially in collecting tubules and were 
most numerous in the corticomedullary region. 
Granular bile-stained casts were most numer- 
ous, but hyaline casts which stained bright 
red and casts of degenerating tubular cells 
were present also. Tubular dilatation, lym- 
phocytic infiltration, tubular degeneration and 
necrosis, mitotic figures, multinucleated giant 
cells in tubular lumina were all present. 
Grossly, the cut surface of the kidneys of one 
of these rats showed a deep yellow band at the 
corticomedullary region. 

In other experiments on the effect of pro- 
longed intake of food and water free of in- 
organic salts on the kidney of the rat we have 
frequently observed tubular degeneration of 
varying severity and extent in the absence of 
jaundice. Therefore, in the experiments in 
which jaundice was produced after prolonged 
restriction of salt, the renal changes that fol- 
lowed the occlusion of the bile duct were 
probably superimposed on and possibly de- 
pendent on those associated with the restric- 
tion of salt. 

Comment. This study indicates that de- 
generative changes in the renal tubules may be 
associated with jaundice produced by occlu- 
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FIG. 3. Bile-stained and hyaline casts, tubular 
degeneration and necrosis plus tubular dilatation 
in the kidney of the rat following production of 
jaundice and restriction of intake of inorganic 
salts (hematoxylin and eosin: a, X 75; b, X 50). 


sion of the bile duct. However, the lesions do 
not appear severe or extensive. Furthermore, 
other factors such as dehydration from deple- 
tion of electrolytes or water or both appear to 
intensify the severity of the lesions. Deple- 
tion of water had to be severe, however, to 
influence the microscopic findings during the 
period of observation. Wartman and asso- 
ciates(3) reported that obstruction of one 
renal artery increased the incidence and 
severity of renal changes after occlusion of the 
bile duct in the rabbit. A number of inves- 
tigators have reported vacuolation and ne- 
crosis of the cytoplasm of renal tubular cells 
in water and electrolyte deficiency in experi- 
mental animals(5-10). These changes are dif- 
ferent from those of osmotic nephrosis. We 
too observed that areas of tubular degenera- 
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tion and necrosis occur in kidneys of rats 
after exclusion of inorganic salts from the diet 
over a long period. The renal lesions appear 
more severe and extensive when jaundice and 
electrolyte and water depletion are combined 
than when each condition is present separately. 

Whether ischemia plays a role in the pro- 
duction of renal lesions as seen in this study 
is unknown. The microscopic features of the 
lesions could not be differentiated from the 
vacuolar degeneration and tubular necrosis we 
have observed in renal tubules resulting from 
ischemia produced by temporary occlusion of 
the renal artery or severe acute hemorrhage 
(11). In 5 jaundiced rats of the present study 
India ink was injected intravenously prior to 
removal of the kidneys. The ink was uni- 
formly distributed throughout the kidneys, in- 
cluding the areas in which microscopic changes 
were observed. 

In general, 2 types of renal lesions were seen 
associated with jaundice in rats in this study. 
The first and most common consisted essen- 
tially of tubular vacuolar degeneration, vary- 
ing greatly in extent and severity, and asso- 
ciated with a few casts and dilated tubules. 
In more severe lesions, necrosis of tubules oc- 
curred. The second but relatively infrequent 
lesion resembled that of hemoglobinuric ne- 
phrosis with the exception that the casts ap- 
peared to be bile casts. This latter type of 
renal lesion may be the result of the super- 
imposition of the effects of jaundice on kidneys 
containing recent degenerative tubular changes 
due to other causes. Of course, a mixture of 
the 2 patterns of lesions listed may occur. 
Ayer(2) found that in infants dying with 
jaundice from congenital atresia of bile ducts 
the renal lesions were similar to hemoglobin- 
uric nephrosis. Thompson and associates(1) 
emphasized that the renal damage present in 
cholemic nephrosis was intensified when a pre- 
existing lesion was present. Lalich(12) found 
that injections of homologous hemoglobin into 
rabbits previously dehydrated by water re- 
striction resulted in hemoglobinuric nephrosis, 
if the dehydration was sufficiently prolonged. 
Thus, the pathogenesis of the renal lesions in 
the 2 entities, bile nephrosis and hemoglobin- 
uric nephrosis, may be similar. 


Summary and conclusions. Severe deple- 


768 


tion of water or electrolytes or both appears to 
increase the incidence and severity of renal 
lesions associated with jaundice produced by 
occlusion of the bile duct in rats. The renal 
lesions under these conditions may vary 
greatly in extent and severity but usually do 
not appear sufficient to produce either signifi- 
cant or fatal renal insufficiency. They usually 
consist of vacuolation of the tubules, especially 
proximal convoluted tubules, with a few casts 
and dilated tubules. Necrosis of tubules oc- 
casionally occurs. The renal lesions in this 
study infrequently closely resembled those of 
hemoglobinuric nephrosis. The casts, however, 
appeared to be mostly bile-stained casts. 
Rarely the lesion was extensive enough to 
cause severe renal damage. 

The renal lesions seen in bile nephrosis then 
may be due in part to or may be superimposed 
on those due to severe electrolyte and water 
depletion or other causes of renal tubular 
degeneration. 
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Concentrations of Nineteen Amino Acids in Plasma and Urine of 


Fasting Normal Males.* 


(19757) 


Haroip A. Harper,t MAXINE E. HuTCHIN, AND Jor R. KIMMEL. 
From the Metabolic Research Facility, U. S. Naval Hospital, Oakland, Calif. 


The data on the concentrations of indi- 
vidual amino acids in the plasma and urine 
of normal humans are somewhat limited. Fur- 
thermore, the findings which are available are 
scattered, and, until recently, have been con- 
fined to reports concerned with one or two of 
those amino acids which could be determined 
chemically. Specific quantitative chemical 
methods have been applied only to the deter- 
mination of glutamine(1-3), glutamic acid 
(4,5), glycine(6), alanine(7), arginine(8), 
and tyrosine(9), and normal levels of these 
substances have been reported for human 


* The opinions expressed in this paper are those 
of the authors and are not to be construed as 
official or reflecting the views of the Navy Depart- 
ment or the Naval Service at large. 

t Professor of Biology, University of San Fran- 
cisco, Civilian Consultant in Biochemistry, U. S. 
Naval Hospital, Oakland, Calif. 


plasma and urine. However, since the intro- 
duction of microbiological and chromato- 
graphic technics, it has become possible to 
assay biological fluids for almost all of the 
amino acids of physiological importance. 
Therefore, it is now feasible to study varia- 
tions in plasma and urine concentrations of 
at least 19 individual amino acids both in 
health and in disease. Some studies of this 
nature have been reported. Ackermann ef al. 
(10,11) have studied plasma levels of 9 amino 
acids in human subjects of various age groups. 
Kirsner et al.(12,13) and Steele eé al.(14) 
have applied microbiological methods to stud- 
ies of the effect of variations in protein intake 
on levels of amino acids in human plasma and 
urine. Hier and Bergeim(15) reported plasma 
levels of 10 amino acids determined microbio- 
logically in normal human beings. Harper 
et al. have reported on the normal levels of 
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methionine(16) and glutamine and glutamic 
acid(17), also determined microbiologically. 
It is the purpose of this paper to report the 
simultaneous determination of the plasma and 
urine levels of 19 amino acids as observed in 
fasting, healthy, young males. 

Procedure. The subjects chosen for this 
study were young males on active duty in the 
U. S. Navy. They were, for the most part, 
staff members of the U. S. Naval Hospital, 
Oakland, Calif., ranging in age from 18-30 
years. Food was withheld after the evening 
meal and at 7:00 a.m. the following day the 
bladder was emptied. All urine excreted in 
the 2-hour period between 7:00 and 9:00 a.m., 
was collected for amino acid assay and a 
sample of venous blood was then drawn for 
determination of the plasma amino acid levels 
following this 12- to 13-hour fast. Heparin 
was used as anticoagulant. 

Diet is known to have a marked influence 
on the excretion of a number of amino acids 
(12-14). For this reason the urinary amino 
acids were determined on specimens voided 
after a fast of 12-13 hours. It is considered 
that this technic minimized individual varia- 
tions attributable to the previous diet. 

Microbiological assays for 19 amino acids 
were carried out on the urine specimens and 
on the filtrates of plasma deproteinized by 
treatment with 5% acetic acid at 100°C. 
Arginine and threonine were determined using 
the basal medium described by Henderson and 
Snell(18) with Streptococcus faecalis (ATC, 
8043) as test organism. In the assay of the 
other amino acids the medium described by 
Steele e¢ al.(19) was used. One-half milliliter 
of basal medium was added to each assay tube 
with supplements to a total volume of 1 ml 
except in the case of glutamic acid and gluta- 
mine, where double these quantities was 
used. The acid produced after 72 hours in- 
cubation was measured by titration with 
N/100 NaOH, or N/50 NaOH when a total 
volume of 2 ml was employed (glutamine and 
glutamic acid). Leuconostoc mesenteroides 
P-60 (AY'C, 8042) was the test organism for 
the assay of aspartic acid, glycine, histidine, 
isoleucine, leucine, lysine, methionine, pheny]- 
alanine, proline, serine, tryptophan, and tyro- 
sine; Lactobacillus buchneri (ATC, 4005) for 


cysteine-cystine; Leuconostoc  citrovorum 
(ATC, 8081) for alanine; and Lactobacillus 
arabinosus 17-5 (ATC, 8014) for valine, glu- 
tamic acid and glutamine. The method of 
Harper(17) was utilized for the assay of glu- 
tamic acid and glutamine; that of Hutchin 
et al.(20) for cysteine-cystine. In the assay 
for glutamine and for cysteine-cystine the 
samples for assay and the standard solutions 
were sterilized by Seitz filtration and added 
aseptically to the tubes containing the basal 
medium which had been previously heat- 
sterilized and cooled. 

It is to be noted that the amino acid levels 
observed represent only free amino acids, since 
no attempt was made to derive additional 
amino acids by hydrolytic procedures. 

Results and discussion. The mean plasma 
levels of the 19 amino acids studied are re- 
corded in Table I. The number of subjects, 
the ranges of plasma concentration, and the 
standard deviations are also shown in this 
table. For purposes of comparison the results 
of other observers have been supplied. With 
respect to most of the amino acids the data 
from our study agree well with the results of 
the authors previously cited. The only note- 
worthy exceptions were in the cases of glycine, 
histidine, phenylalanine, and _ tryptophan 
(mean varied by more than one standard de- 
viation from that of previous authors). When 
the large number of physiological processes in 
which glycine is implicated is considered, the 
observed variability in the plasma levels of 
this particular amino acid is not surprising. 

Marked variations in the amount of each 
amino acid excreted during the 2-hour test 
period were noted. However, with respect to 
the absolute quantities found in the urine, the 
amino acids could be conveniently divided into 
4 groups. Glycine (3-36 mg/hr, mean 11.7 
-+- 9.45) and histidine (2.7-23.0 mg/hr, mean 
7.75 + 1.33) comprised the first group. 
These 2 were uniformly excreted in the largest 
amounts. Glutamine (1.6-4.6 mg/hr, mean 
2.87 + 0.96), and cystine (0.4-4.3 mg/hr, 
mean 2.30 + 1.22) were intermediate. Leu- 
cine and isoleucine, valine, aspartic and glu- 
tamic acids, and methionine were excreted in 
small amounts (maximum, less than 1 mg/hr), 
while the remaining 9 amino acids were found 
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TABLE I. Plasma Levels of 19 Amino Acids in Fasting Normal Male Subjects. 


Observed plasma. levels 
(mg/100 ml) 
No. of — x pas 


Reported plasma levels 
(mg/100 ml) 


Amino acid 


subjects 


Range 


Mean 


S.D. 


Range 


Mean 


8.D. 


Glutamine 


Alanine 


Lysine 


Valine 


Cysteine-cystine 


Glycine 


Proline 


Leucine 


Arginine 


Histidine 


Threonine 


Isoleucine 


Phenylalanine 


Tryptophan 
Serine 


Tyrosine 


Glutamic acid 


Methionine 


Aspartic acid 
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17 
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17 


17 


18 


17 


4.6 


1.8 


1.5 
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7.51 


3.96 


3.68 


2.06 


.89 
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33 


1.63 


61 
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37 
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in amounts ranging from 1.0-3.4 mg/hr. 

The considerable variability in the normal 
excretion of any one amino acid which we have 
noted has also been observed by other work- 
ers(12-14). It illustrates the difficulties likely 
to be encountered in interpreting or ascribing 
significance to amino acid levels in urine. 

Summary.’ The plasma and urine levels of 
19 free amino acids as determined microbio- 
logically in fasting, healthy, young males are 
reported. 
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An Anthrone Procedure for Determination of Inulin in Biological Fluids. 


(19758) 
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(Introduced by R. J. Williams.) 


From the Surgical Research Unit, Brooke Army Hospital, Ft. Sam Houston, Texas. 


The use of inulin for extracellular space 
estimation, as well as clearance measurements, 
has increased the need for a simpler and more 
accurate method for the determination of this 
substance in biological fluids. At present, 
resorcinol(1,2) and diphenylamine(3) are 
most frequently used for this determination. 
The former has a greater specificity for fruc- 
tose, but is somewhat less reproducible. While 
greater accuracy may be obtained with 
diphenylamine, this method is more tedious. 

Recently, Morris(4) has described the 
quantitative determination of carbohydrates 
with Dreywood’s anthrone reagent. The pres- 
ent report describes the application of this 
method to the measurement of inulin in plasma 
and urine. A modification of Dreywood’s 


anthrone reagent makes possible the measure- 
ment of fructose under controlled temperature 
conditions and gives highly reproducible re- 
sults. Glucose and other alkali-labile chromo- 
gens are destroyed by sodium hydroxide diges- 
tion(5) so that inulin can be determined in the 
presence of high concentrations of these ma- 
terials. It has been found that commercial 
inulin contains a considerable amount of 
alkali-labile carbohydrate material that can 
be completely removed by further purification 
(6). 

Methods. Reagent: To prepare one liter 
of anthrone reagent, 500 ml of concentrated 
sulfuric acid are added to 250 ml of water, and 
the mixture is cooled to room temperature. 
Four grams of anthrone (Eastman Organic 
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Chemicals) are dissolved in 250 ml of con- 
centrated sulfuric acid and the solution is 
added to the diluted acid. Over-heating 
destroys the reagent and must be avoided. The 
reagent is stable up to 4 months if kept in 
brown bottles at room temperature. Color 
Development: Ten ml of anthrone reagent 
are added to two ml of standard or unknown 
solutions containing from’ 15 to 45 pg of 
inulin (William R. Warner Co. inulin ampules, 
Lot No. 016091, are used throughout unless 
otherwise stated). During the addition of the 
acid solution, the tube is shaken in a cool 
water bath to minimize heat development. 
After thorough mixing the samples are heated 
in a constant temperature water bath at 75°C 
(+0.5°) for 5 minutes. The tubes are cooled 
in tap water, and after 15 minutes the color 
is read at 630 mp in a Coleman Junior Spectro- 
photometer. 

Plasma: Plasma proteins are precipitated 
by Somogyi’s method(7).* For plasma inulin 
concentrations of 15 to 45 mg %, 13 ml of 
water, one ml of 10% ZnSO ,* 7H.O and 
one ml of 0.5 N NaOH are added to one ml 
of plasma. The mixture is placed on an auto- 
matic shaker for 30 minutes. By this means 
98% of added inulin can be recovered from 
plasma whereas only 92% is recoverable after 
brief manual shaking. One ml of 4 N NaOH 
is added to a 4 ml aliquot of the plasma filtrate 
making a final dilution of 1:20. Each tube 
is covered with a glass marble and placed in 
boiling water for 15 minutes. The tubes are 
cooled, and duplicate 2 ml aliquots are used 
for the development of color. 

Urine: Protein-free urine is diluted so that 
inulin concentrations approximate that of the 
plasma filtrate: 4 ml aliquots are digested with 
sodium hydroxide and analyzed in the same 
manner as plasma filtrates. 

Results. 1. Conditions for optimal color 
development: The absorption maximum was 
found to be 630 my» in both the Coleman 
Junior and Beckman Model B Spectrophoto- 
meters. Fig. 1 illustrates the effect of tempera- 
ture on the color developed after 5 minutes 
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FIG. 1. Effect of temperavure on color develop- 
ment. All tubes contained 60 yg of undigested 
inulin and were heated for 5 min. 
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FIG. 2. Inulin standard curve. 


heating between 60 and 90°C.t Maximal 
color is obtained at 75°C, but as seen in Fig. 
1, small variations in bath temperature be- 
tween 70 and 80°C do not greatly influence 
color development. The color is stable at 
room temperature for 4 hours. 

II. Sensitivity and reproducibility. Fig. 2 
shows the standard curve obtained with 15, 
30, 45 and 60 wg of inulin per tube (equiva- 
lent to 15 to 60 mg % in plasma). This curve 
obeys the Beer-Lambert law up to 45 pg per 
tube. Curves prepared from determinations 


* Cadmium sulfate and trichloroacetic acid give in- 
complete recoveries, and sodium tungstate is found 
to give a color with anthrone. 


+ Heating for longer than 5 min. serves only to 
reduce the color; e.g., heating for 10 min. yields only 
97% of the color developed by 5 min. heating. 
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TABLE I. Reproducibility of Optical Densities with Standard Inulin Solutions. 


Concentration, No. of deter- Optical Stand. dev. Stand. dev., 
pg/tube minations densities . Range O.D. O.D. ug 

15 14 .097 + .002 + .002 + .30 
003 

30 23 189 + .002 + .002 + .38 
.007 

45 10 .289 + .001 + .002 31 
-004 

60 14 367 + .009 + .005 ==.82 
.007 


TABLE IT. Recoveries of Inulin (30 mg %) Added to Plasma and Urine and Urinary 
Recoveries of Infused Inulin.* 


———— Plasma ~ Urine — % urinary 
mg % % mg % % recovery of 
recovered recovery recovered recovered infused inulin 
Avg 29.3 97.7 29.9 99.7 99.6 
Range + .8—1.2 +2.5-4 +1-1.3 +3.1-4.5 +2.9-1.6 


* 10 experiments were performed. 


+ One of these recoveries represented a recovery of repurified inulin (see text). 


with fresh standards over a period of 2 months 
show a high degree of reproducibility (Table 
I). Between 15 and 45 pg per tube the re- 
sults give a standard deviation of only 0.3 to 
0.4 pg or 0.7 to 2.0%. 

III. Sodium hydroxide digestion. Sodium 
hydroxide digestion effectively destroys inter- 
fering chromogens in plasma and diluted 
urine. The optical densities of plasma and 
urine blanks were essentially zero except for 
one of 14 plasma blanks in which the optical 
density was 0.005 (equivalent to 0.8 mg % 
inulin). A comparison of the effects of added 
glucose on blank chromogen values deter- 
mined by Roe’s(1) resorcinol method and our 
method was made. The blank values (ex- 
pressed as inulin equivalent), obtained by 
Roe’s method from the addition of 250, 500 
and 1,000 mg % glucose, ranged from 2.4 to 
3.0, 4.5 to 6.1, and 8.3 to 11.3 mg %, respec- 
tively. However, using sodium hydroxide di- 
gestion and the anthrone reagent, the values 
only ranged from 0.0 to 0.4, 0.1 to 1.0, and 
1.3 to 2.5 mg % respectively. 

Sodium hydroxide digestion destroys about 
25% of the chromogenic material in both am- 
puled and dry Warner’s inulin and about 10% 
of another dry preparation (Fisher Scientific 
Co. C.P.). This destruction is complete in 15 
minutes and there is no further loss after 25 


minutes digestion. The loss also appears when 
resorcinol is used to measure chromogen. 
Treatment of Fisher’s inulin by sodium hy- 
droxide digestion followed by repeated recrys- 
tallization yields an apparently pure material 
that is alkali-stable and gives the same color 
per unit weight as fructose (Fisher Scientific 
Co. C.P.). This repurified inulin was tested 
by infusion in a normal dog and gives the same 
recovery and volume of distribution as the 
material in ampules. 

IV. Recoveries from plasma and urine. The 
recovery of inulin added to plasma and urine 
is shown in Table II. The average of 10 re- 
coveries from plasma is 97.7% with a standard 
deviation of +2.53% and from urine is 
99.7% + 2.0. Using the recovery method 
(8) for inulin space determinations in normal 
dogs we obtained urinary recoveries of 99.6% 
(standard deviation of +1.5%) of the infused 
inulin when urine collections were continued 
for 5 hours after infusion. 

Discussion. The anthrone method has the 
advantage that the reagent is stable, simple to 
prepare, and easier to handle than resorcinol 
or diphenylamine, a highly accurate constant 
temperature bath is not required, and the final 
color is stable. The method appears to have 
as great a sensitivity and somewhat greater 
reproducibility than other procedures. Sodium 
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hydroxide digestion appears to be more effec- 
tive with anthrone than with diphenylamine 
in that the problem of interference from glu- 
cose and other blank chromogens is solved 
without the addition of glucose suggested by 
Little(5). 

Cotlove(9) has found that commercial in- 
ulin contains 3 fractions: about 1% is a reduc- 
ing material which diffuses like fructose, 15 
to 40% is non-reducing but alkali-labile and 
diffuses like a much larger molecule, while the 
remainder is non-reducing and alkali-stable 
and diffuses even slower. He could detect no 
difference in the renal clearance and distribu- 
tion in muscle between the total non-reducing 
and the alkali-stable fractions. Weil(6) has 
reported that 34% of commercial inulin is 
alkali-labile and feels that purified material 
by recrystallization after alkali digestion is 
more suitable for analysis of inulin in muscle. 
We have compared inulin and creatinine clear- 
ance in 4 experiments in normal dogs. The 
average inulin/creatinine clearance ratios for 
3 to 4 consecutive clearance periods were 0.97, 
1.00, 1.02, and 1.03. 


The application of the anthrone reaction to 
other carbohydrates can be considerably ex- 
tended, especially when controlled heating is 
possible. We have measured sucrose at 75°C, 
though at this temperature the standard curve 
is not as reproducible as it is for inulin. 
Simultaneous measurements of sucrose and 
inulin are possible since sucrose is yeast-labile. 
Applications of the anthrone method to the 
measurement of glycogen(10), glucose(11), 
dextran(12), and polyglucose(13) in biologi- 
cal materials have been reported. The pres- 
ence of any of these materials except glucose 
would interfere with the inulin determination. 


In our preliminary experiments using less 
anthrone (0.2%) we noted that digestion of 
high concentrations of glucose yields a product 
that diminishes inulin color development. 
This interference has been resolved by the use 
of higher concentrations of anthrone (0.4%). 
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The incomplete recovery of inulin fronr 
plasma apparent not only in our data, but also 
in other reports(14), probably represents loss 
during the precipitation of plasma protein. 
This loss is diminished by prolonged shaking 
of the precipitate. We have observed that 
sucrose recovery is higher than inulin recov- 
ery, Suggesting~that substances of higher 
molecular weight are more liable to be lost 
in plasma precipitates. 

Summary. 1. A method for the determina- - 
tion of inulin in biological fluids using a modi- 
fied anthrone reagent is described. 2. This 
reagent gives a sensitive and reproducible test 
for inulin in amounts of 15 to 45 pg. 3. Inter- 
fering substances are effectively removed from 
plasma filtrates and diluted urine by sodium 
hydroxide digestion. Ten to 25% of commer- 
cial inulin is found to be alkali-labile. 4. Re- 
coveries from plasma and urine average 97.7 
+ 2.5% and 99.7 + 2.0%, respectively. 
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‘ neurotropic, interference. 279. 
Newcastle, propagation. 205. 
pneumonia, suppression, antibiotic. 710. 
poliomyelitis, allergens, antibiotic effect. 

bat. 

gamma globulin. 150. 

immunization, cross. 731. 

passive immunity. 522. 
propagation, a-aminosulfonic acids. 
tabies, chick embryo adapted. 410. 

immunity. 410. 
rickettsialpox, isolation. 546. 
Rous Sarcoma, antibiotic effect. 359. 
serum hepatitis, nitrogen mustard effect. 


442, 


362. 


310. 
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tumor, lysis. 574. 
vaccinia, cell agglutination. 
hyaluronidase. 314. 
intracellular development, electron micro- 
scopy. 24. 
West’ Nile, chicks. 210. 

Vitamin A, assay, stool. 300. 
Amethopterin resistance, 
vorum. 516. 

aminopterin and chloromycetin effect, L. 


598. 


Leuconostoc citro- 


citrovorum.-growth factor. 689. 
_ Bis, biosynthésis. 250. ; 
feeding. 657. 
growth. 401. 
C, adrenal function. 88. 
excretion, cold effect. 446. 
high dosage. 361. 
histologic staining. 455, 
stomach. 144. 
choline, deficiency, aureomycin. 415. 
deficiency, complement fixing antibody. 404. 
factor 3, casein. 319. 
niacin, metabolic effects. 591. 
riboflavin, liver and intestine. 203. 
nicotinamide inhibitors. 434. 
tocopherol, Dupuytren’s contracture. 565, 


